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SUGGESTIONS FOR PREPARATION OF 
MANUSCRIPTS FOR THE PLANT DISEASE REPORTER 


(1) GENERAL: The Reporter page measures 9 inches long with the headingor 8 3/4 inches 
for the text part, by 6 inches wide.. The copy is typed on a larger page, 11 1/4 inches of text 
or 12 inches overall in length by 8 inches in width, and reduced 25 percent in the photographic 
process of reproduction. Illustrations or tables larger in either dimension will take a corre- 
spondingly greater reduction. Only one gize of type is available for text, footnotes, or tables. 

(2) MANUSCRIPTS should be the original ribbon copy, not carbons, clearly typed and 
double-spaced throughout, including tables, footnotes, and bibliographies. (Note -- only one 
copy is needed.) Footnotes should be typed at the bottom of the page. 

(3) ABSTRACTS are requested for all except very short articles. 

(4) CAUSES OF DISEASES should be named. For bacteria, fungi, nematodes, etc., give 
the Latin name of the organism; for viruses either or both the accepted common name of the 
virus or a Latin name if you prefer it and there is one; for non-parasitic diseases state the 
causal factor if it is known. If the cause of a disease has not been determined say so. 

(5) LITERATURE REFERENCES should be given in alphabetical order and numbered for 
citation in the text. We follow the AIBS suggestion of placing the year of publication after.the 
author's name. Please check your references carefully since we cannot do it for you. Be sure 
that text citations and bibliography agree; that foreign-language references are correct; that 
number or month is cited for periodicals that are not paged consecutively throughout the volume. 

(6) NAMES OF FUNGICIDES should be given according to the suggestion of McCallan et 
al. in Phytopathology (45 (6): 295-302. 1955). 

(7) ILLUSTRATIONS should be sent to us unmounted. To prevent mistakes, write figure 
numbers on the back, and mark the top of each print when necessary. A sketch can show a 
preferred arrangement but please keep in mind page size, shape, and standard reduction (see 
above under General), and remember that figure titles and legends are part of the page. Let- 
tering should be clear and large enough to be legible after reducing. Drawings, maps anc 
graphs can be photographs or originals, but should be finished and ready for reproduction, not 
just sketches. 

(8) TABLES should be carefully thought out with particular attention to the Reporter's 
limitations in reproduction. Make titles and headings definite and self-explanatory. Designate 
footnotes in tables with superscript lower-case letters. Be sure that text discussion agrees 
with the data in the table. Do not abbreviate names of crop varieties. 

(9) REPRINTS cannot be supplied since there is no way in which we can be reimbursed. 
However, 

(10) The MULTILITH PLATES from which reprints can be made will be sent if requested 
at the time the article is submitted. The press size of these plates used for the Reporter is 
designated as small -- maximum image 9 1/2 by 13 inches, maximum paper size 9 3/4 by 14 
inches -- for Model 1250. Most of the Experiment Stations have this type of multilith machine. 


ACCEPTANCE OF MANUSCRIPTS 


The increase inthe volume of pertinent material offered for publication in the Plant Disease 
Reporter has made it necessary to limit the subject matter and the length of articles accepted. 
The subject matter should emphasize new things in plant pathology, such as new records of 
disease occurrence, serious outbreaks and epidemics, conditions affecting development of plant 
diseases, techniques of investigation including instrumentation, new discoveries in control in- 
cluding new materials and their evaluation. Manuscripts will be limited to 15 double-spaced 
typed pages. Insofar as possible, material should be presented as graphs rather than tables. 
Papers cannot be accepted for publication that report routine control experiments, reviews, 
bibliographies without annotation, results of routine surveys, mere summaries or lists of plant 
diseases. By following this procedure we hope to continue publishing all articles promptly. 

Paul R. Miller 


Manuscripts for and correspondence about this publication 
should be sent to: 


PLANT DISEASE REPORTER 
Mycology and Plant Disease Reporting Section 
Crops Protection Research Branch 
Plant Industry Station 
Beltsville, Maryland 
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A DISEASE OF DODDER CAUSED BY THE 
FUNGUS COLLETOTRICHUM DESTRUCTIVUM! 


Charles M. Leach? 


Summary 


Described is a disease of dodder, Cuscuta sp., caused by the 
fungus Colletotrichum destructivum. In greenhouse tests this fun- 
gus parasitized both Cuscuta epithymum and C. campestris, but 
not alfalfa, The fungus has potentialities for biologically control- 
ling dodder in alfalfa, 


In 1957 a diseased specimen of an unidentified species of dodder, Cuscutasp, , was received 
from an alfalfa seed producer located in an isolated region on the Oregon side of the Snake 
River Canyon, In an accompanying note the farmer stated that in certain years the dodder par- 
asitizing his alfalfa became diseased and died. The stems and haustoria of this diseased dod- 
der, when examined at low magnification, were dark brown to black and shriveled. Scattered 
over the epidermis of the stems were dark setae and cream-colored spore masses of the fun- 
gus Colletotrichum. The Colletotrichum was isolated as the suspected pathogen, 


PATHOGENICITY TESTS 


To determine if the Colletotrichum isolate was the cause of the dodder disease, two repli- 
cated series of pathogenicity tests were conducted in the greenhouse on Cuscuta epithymum 
Murr, and C, campestris Yuncker. These species of dodder were used as both were present 
as parasites on alfalfa in the Snake River Canyon. The two species of dodder and their alfalfa 
hosts were inoculated by hypodermic needle with a spore suspension and the inoculated stems 
covered with a painter's masking tape to prevent drying (Figure 1). Check plants were in- 
jected with water, In these initial tests only C. campestris was parasitized by the Colletotri- 
chum, and after 1 week brown necrotic lesions extended up to 5 cm along the stems. The 
check plants were unaffected, 


FIGURE 1. Diseased 
Cuscuta epithymum on its alfalfa 
host 1 week after inoculation 
with Colletotrichum destructivum, 
Tape was used to cover the in- 
oculated stems. 


1 Approved for publication as Technical Paper No. 1135 by Director of the Oregon Agricultural 
Experiment Station, 


2 Assistant Plant Pathologist, Oregon Agricultural Experiment Station. 
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Following these preliminary pathogenicity tests, the fungus was grown at 5°, 15°, 20°, 
25°, and 30° C on potato dextrose agar to determine the most suitable temperature for con- 
ducting a second series of tests. As maximum growth was at 30°, the second series of tests 
was conducted at both 21° and 30° C. Again the two species of dodder and the alfalfa variety 
"Talent" were inoculated by hypodermic needle and the stems covered with tape. In addition, 
other plants were sprayed with spore suspensions. A high relative humidity was maintained in 
the incubation chambers by covering the floors with moist sphagnum moss and by mist spray- 
ing the chambers and plants three times daily with water. After 8 days at 30°, plants of C. 
epithymum and C. campestris showed extensive dark necrotic lesions centering on the points 
of inoculation, while the dodder plants sprayed with a spore suspension were almost completely 
killed. The inoculated alfalfa and the check plants of both dodder and alfalfa were unaffected. 
The original Colletotrichum was reisolated from the necrotic lesions, The pathogenicity tests 
at 21° C were abandoned because Botrytis cinerea severely attacked the two species of dodder 
and the alfalfa and confused the results, 


IDENTITY OF THE COLLETOTRICHUM 


Oudemans (2) cited Vermicularia dematium (Pers.) Fr. as a parasite of dodder. However, 
Duke (1) considered the genus Vermicularia Fr. synonymous with Colletotrichum Cda, and she 
transferred V. dematium (Pers.) Fr. toC. dematium (Fr.) Grove. Saccardo (3) included a 
description of V. dematium which does not fit the Oregon isolate of Colletotrichum, principally 
because the conidia of the former species are fusiform-to-lunate (Figure 2) whereas those of 
the Oregon isolate are cylindrical-to-allantoid. Therefore the Oregon isolate is considered a 
new record of a Colletotrichum parsitizing dodder. Rather than describing the isolate as a 
new species on thebasis of host association, as has so commonly been the practice within the 
genus Colletotrichum, an attempt was made to find a described species that was morphologi- 
cally and culturally the same. Colletotrichum destructivum O'Gara (4) was identical with the 
Oregon isolate, 


FIGURE 2. A compari- 
son of the conidia of Colle- 
totrichum destructivum and 
C. dematium. A and B -- 
Conidia and setae respectively 
of C, destructivum obtained 
from diseased dodder stems. 
C -- Conidia of C. dematium 
(Copied from Duke). 


DISCUSSION 


Controlling dodder in alfalfa grown for seed, even with the latest herbicides, is difficult. 
The pathogen of dodder described in this note has the potentialities for biologically controlling 
this troublesome pest. Unfortunately, however, C. destructivum is also recorded as a para- 
site of alfalfa as well as of other plants. Although this is rather discouraging from the stand- 
point of using the fungus for biological control, there are indications that the isolate from dod- 
der may be a strain which is unable to parasitize healthy alfalfa. Further experimentation is 
needed with other varieties of alfalfa, under different environments, to confirm this possibility, 

As the production of alfalfa seed in Oregon is quite limited, the writer has no intention of 
pursuing this work any further, Cultures of the isolate of C. destructivum from dodder will 
gladly be sent to interested persons on request. 
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THE RELATIONSHIP BETWEEN THE NECROTIC RING SPOT VIRUS, THE 
REACTION ON KWANZAN FLOWERING CHERRY, AND THE GREEN RING MOTTLE virus! 


P. R. Fridlund and T, O, Diener” 
Abstract 


Symptoms on the Kwanzan flowering cherry indicator host 
were shown to be caused by a virus distinct from the necrotic ring 
spot virus. On the basis of work done, close correlation suggests 
that this virus may cause the green ring mottle virus disease of 
Montmorency cherry. The green ring mottle virus disease in Mont- 
morency can be produced in the absence ofthe necrotic ring spot virus. 


The study of viruses causing disease in the genus Prunus is complicated because the re- 
searcher is unable to isolate these pathogens. Therefore, diagnosis of diseases and virus 
identification have been based primarily upon symptoms in host plants rather than upon causal 
agents of diseases. Specially selected indicator plants are used to detect and identify masked 
and latent viruses in symptomless hosts. These indicator plants have been selected from sev- 
eral varieties and species on the basis of their response to inoculation with cultures of virus 
in which contaminating viruses were believed to be absent or known. 

Previous experimentation (3) indicated that possibly unknown contaminants had confused 
symptom production in some of the indicator hosts selected for latent virus detection, Accord- 
ingly, further experimentation appeared advisable to determine if this were so. 

Twenty-four trees of Prunus avium and 28 trees of Prunus mahaleb originally from Wash- 
ington State were used as potential sources of latent and masked viruses in the present study. 
These sources were compared in the following commonly used indicator plants: Prunus serru- 
lata vars. Shiro-fugen and Kwanzan, Prunus cerasus var. Montmorency, Prunus tomentosa 
seedlings, Prunus persica var, Rio Oso Gem (seedlings), and Cucumis sativus var, National 
Pickling. Except in cucumber, all virus sources were inoculated into the indicator plants by 
budding, usingthree buds per inoculated plant. Cucumber cotyledons were inoculated by the 
standard leaf-juice-carborundum technique, All indicator plants were replicated at least 
twice, and adequate non-inoculated controls were included in the experiments. All plants were 
field-inoculated in autumn, except cucumber and Prunus tomentosa, which were inoculated in 
the greenhouse. The results of the inoculations into Shiro-fugen were rated as severe, mod- 
erate, or slight, based upon the degree of necrosis under the inserted bud. Necrosis is con- 
sidered diagnostic for the necrotic ring spotvirus (4), Foliar symptoms in all other indicator 
plant (1, 2, 4, 5) determined necrotic ring spot virus transmission. The data from these in- 
oculations are in Table 1. 

Inoculations from P, mahaleb sources showed that the numbers of sources causing symp- 
toms in cucumber, P. “tomentosa, Rio Oso Gem, and Montmorency were identical. These 
sources were determined to be infected with the necrotic ring spot virus by the syndromes. 

The numbers of severe and moderate reactions in Shiro-fugen agreed with the positive reactions 
of the preceding four hosts. Thus these Shiro-fugen reactions also were determined to be 
caused by the necrotic ring spot virus. Apparently, the slight reactions produced were not 
caused by the necrotic ring spot virus, Because Kwanzan, which had been previously consid- 
ered a diagnostic host (4), had no symptoms resulting from these inoculations, evidently it is 
not an indicator of the necrotic ring spot virus. Thus it must be an indicator of some other 
masked or latent virus. 

Inoculations from the P. avium trees showed that, with one exception, the numbers of 
sources causing symptoms in cucumber, P. tomentosa, Rio Oso Gem, and Montmorency were 
identical. They also were determined to be infected with the necrotic ring spot virus by the syn- 
dromes. The lack of completeagreement in Rio Oso Gem is probably due to escape or most 


I Scientific paper No. 1721, Washington Agricultural Experiment Stations, Pullman, Washington. 
This work was conducted under Project Nos. 1262 and 590 and was supported in part by Interregional 
ResearchProjectIR-2. Appreciationis expressedtoDr. E. C. Blodgett for furnishing the virus 
sources used in these experiments. 

Assistant Plant Pathologist and Associate Plant Pathologist, respectively, Department of 
Plant Pathology, State College of Washington, Irrigation Experiment Station, Prosser, Washington. 
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Table 1. Numbers of trees causing reactions of varying intensity on 
Shiro-fugen and their correlation with positive reactions 
on other commonly used indicator hosts. 


P. mahaleb sources: P. avium sources; 

Shiro-fugen reaction Shiro-fugen reaction 
Indicator Severe| Moderatel Slight | Total|} Severe | Moderate| Slight | Total 

host or or 

Negative Negative 

9 4 15 28 Z 6 ia 24 
Cucumber i) 4 0 13 7 6 2 15 
P. tomentosa 9 os 0 13 7 6 2 15 
Rio Oso Gem 9 y 0 13 7 6 1 14 
Montmorency 9 4 0 13 7 6 2 15 
Kwanzan 0 0 0 0 7 6 8 21 


Table 2. Comparison of the green ring mottle virus disease in Montmor- 
ency cherry with the Kwanzan positive reaction and with the 
occurrence of necrotic ring spot virus. 


Kwanzan Green ring 
Potential virus Necrotic Number of posi tive mottle in 
sources ring spot sources feaction Montmorency _ 

P. mahaleb Present 13 tt) 0 
Absent _0 
28 0 0 
P. avium Present 15 15 13 
Absent 6 5 
24 21 18 


likely to the lack of reaction in a particular host to a certain virus race. The numbers of 
severe and moderate reactions in Shiro-fugen agreed with those of the positive reactions of the 
preceding four hosts. Thus these reactions also were determined to be caused by the necrotic 
ring spot virus. If the slight reactions observed in Shiro-fugen were not caused by the necrotic 
ring spot virus as determined previously with inoculations made from P. mahaleb sources, 
then Shiro-fugen failed to indicate two cultures of necrotic ring spot virus. The reactions in 
Kwanzan again differed from those in the other indicator hosts. There were six virus sources 
causing symptoms in Kwanzan in the absence of the necrotic ring spot virus, giving additional 
evidence that the Kwanzan reaction is not caused by this virus. The virus causing the Kwanzan 
reaction was found in all P. avium trees infected with the necrotic ring spot virus. 

The data in Table 2 show further observations and correlations of the syndromes from 
these inoculations. A close correlation of the Kwanzan reaction and green ring mottle symp- 
toms in Montmorency (6) was observed. This fact suggests, on the basis of the work done, 
that the reaction in Kwanzan may be caused by the green ring mottle virus. The lack of com- 
plete correlation could be explained on the basis of escape because not all replicate trees of 
Montmorency inoculated with some of the other sources of green ring mottle had symptoms, 
Contamination appears improbable because none of the Montmorency inoculated with P. mahaleb 
sources or the non-inoculated controls had green ring mottle symptoms. These data also show 
that, on the basis of inoculations into Montmorency, the green ring mottle virus can exist in- 
dependently from the necrotic ring spot virus and cause typical green ring mottle symptoms. 
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PERFORMANCE OF VITIS SPECIES IN THE SOUTH AS AN INDICATION OF THEIR 
RELATIVE RESISTANCE TO PIERCE'S DISEASE 


N. H. Loomis 1 


Many efforts have been made to grow bunch grapes in the South, but only a few long-lived 
varieties have succeeded. Since vineyards in Alabama, Florida, Georgia, Mississippi, and 
Texas (1, 2, 4) have recently been found to be extensively infected with Pierce's disease virus, 
the failure of bunch grapes is attributed largely to that disease. Therefore, in breeding bunch 
grapes for the South, resistance or tolerance to it must be a primary consideration. A know- 
ledge of the relative resistance or susceptibility of the various grape species is desirable in 
the selection of parent material, 

Species material has been tested at the U. S. Horticultural Field Station, Meridian, Mis- 
sissippiduringthe past25 years, at Poplarville, Mississippi, inthe 1930's(3), and elsewhere. 
Observations within species have been limited, but there is evidence of considerable variation 
in longevity of varieties and selections of some species. The notes accumulated are primarily 
on longevity and horticultural characters (Table 1). Failure or weakness could be caused or 
complicated by many factors, but a long life must certainly indicate considerable resistance or 
tolerance to Pierce's disease. 

The following notes indicate the longevity and certain other characteristics of species or 
varieties derived from various species, as grown at Meridian and Poplarville, Mississippi. 


Vitis aestivalis 
Var. Cynthiana. Since Cynthiana has perfect flowers and all observed wild vines 
of the species are dioecious, it may be of hybrid origin; relatively long-lived, about 
15 years; extremely vigorous, highly resistant to the common diseases of grapes. 
Fruit small but high in sugar and acid. 


V. aestivalis bourquiniana 
Var. Herbemont. Excellent vigor, long life, productive, seemingly resistant or 
highly tolerant to Pierce's disease. 
Var. Lenoir. Good vigor, long-lived, tolerant to Pierce's disease, but not re- 
sistant, 
V. arizonica 
Growth comparatively weak, yet the vines have persited for many years; fruit 
small, clusters small, 
V. berlandieri 
Vigorous, long-lived, clusters large, fruit extremely small (nothing but seeds 
wrapped in a skin), little pulp and juice, many seeds. 
V. blancoi 
The vigor of the vines is similar to that of V. arizonica, and the foliage is of about 
the same size. 
V. californica 
Vines very susceptible to downy mildew, which defoliated and killed them the first 
season. 
V. candicans 
Excessively vigorous, long-lived. Fruit large, sugar content low, fiery and inedible. 
V. champini 


Varieties Barnes, DeGrasset, Dog Ridge, Joly, Ramsey, and Vermorel. Vigorous, 
long-lived, fruit large, sugar low, acid high, excellent breeding material. 


1 Horticulturist, Crops ResearchDivision, Agricultural Research Service, United States Depart- 
mentof Agriculture, U. S. Horticultural FieldStation, Meridian, Mississippi. 
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Table 1. Notes on the longevity, vigor, and fruit size of various grape species 


when grown in the South?. 


Species» Longevity : Vigor : Fruit size 

V. aestivalis 

var. Cynthiana 8 10 5 
V. aestivalis bourquiniana 

var. Herbemont 10 10 6 

var. Lenoir 8 8 6 
V. arizonica 7 2 3 
V. berlandieri 10 8 2 
V. blancoi 7 3 3 
V. californica 1 - - 
V. candicans 10 12 8 
V. champini 10 10 8 
V. cinerea 10 10 2 
V. coignetiae 7 2 - 
V. doaniana 

species material of unknown origin 8 7 - 

var. Salt Creek 2 6 - 
V. labrusca 3 8 8 
V. lincecumi 9 10 7 
V. longi 

var, Adobe Giant 3 4 - 

var, Australis 7 8 - 
V. monticola 6 ~ ~ 
V. munsoniana 10 8 4 
V. palmata 10 
V. popenoei 3 10 6 
V. riparia 2 10 6 
V. rotundifolia 10 10 8 
V. rufotomentosa 10 9 6 
V. rupestris 

var. Rupestris St. George 10 10 - 

vars. Constantia, Rupestris des 

Semis 81-2, and Rupestris Pillans 7 r - 

V. shuttleworthi 10 4 
V. simpsoni a 7 5 
V. tiliaefolia 6 3 - 
V. vinifera 3 8 9 
V. vulpina 10 8 - 


4 Scale 1-10; 10 most desired, A longevity rating of 10 indicates a life of 15 or 
There is a great deal of difference in the 
fruit size of varieties, particularly in V. labrusca, V. rotundifolia, and V. 
vinifera. A rating of 8 indicates approximately the size of Concord grapes, 


more years with no sign of decline. 


B Var. indicates a cultivated or horticultural variety. 


v. 


I< 


i< 


I< 


i< 


I< 


I< 


I< 


I< 
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cinerea 
Extremely vigorous, long-lived, fruit small (nothing but seeds wrapped in a skin). 


coignetiae 


Extremely weak but persistent for several years. 


. doaniana 


Species vines of unknown origin of good vigor and long-lived. 
Var. Salt Creek. Short-lived, averaging 2.1 years. 


. labrusca 


Essentially all labrusca-type grape varieties are comparatively short-lived. Many 
of these are hybrids with V. vinifera. Two V. labrusca selections from north Georgia 
have been observed recently in central Georgia and central Florida, They appear fully 
adapted at these locations, 


. lincecumi 


Var. Jaeger 52. Excellent vigor, life long, fruit medium to large, cluster large, 
excellent material for breeding. Propagation by cuttings and layers is extremely 
difficult. Lincecumi is among the very latest of the species to blossom, even later than 
V. aestivalis bourquiniana, 


longi 


Var. Adobe Giant. Not promising, life short, averaging 1.7 years. 
Var. Australis. Survived 8 years, 


monticola 
Medium vigor, survived 8 to 10 years, 


. Munsoniana 


Life long, good vigor but not as strong as V. rotundifolia or as winter-hardy; fruit 
small and of poor quality. 


. palmata 


A native species fully adapted and living indefinitely, vigor medium, fruit size 
medium to small. 


. po peno el 


The species is not winter-hardy at Meridian, Mississippi, but the vines sprouted 
from the ground for several years before they were discarded. 


. Tiparia 


Var. Riparia Gloire, tested at Poplarville, Mississippi, was a total failure within 
the first 6 years, 

Var. Beta (obviously of hybrid origin) was vigorous at first but soon declined and 
failed. 


. rotundifolia 


Life long, extremely vigorous even though symptoms of Pierce's disease are pro- 
nounced, fruit large, musky, but many of very fine flavor, 


. rufotomentosa 


Medium vigor, long life, fruit of medium to small size with much tannin; possibili- 
ties as a parent. 


rupestris 


Var. Rupestris St. George is vigorous and long-lived. Varities Constantia, Rupes- 
tris des Semis 81-2, and Rupestris Pillans are comparatively weak and shorter-lived 
than Rupestris St. George. 
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I< 


. shuttleworthi 
At Meridian, Mississippi the pure species is of medium vigor yet very long-lived. 
Hybrid seedlings have excellent or even excessive vigor. Fruit size is good, quality 
poor. 


I< 


simpsoni 
Var. Pixiola. Vigorous but comparatively short-lived, about 3 to 4 years. Since 
Pixiola is native and long-lived where Pierce's disease kills most other grapes, its 
failure at Meridian, Mississippi must be due to something other than Pierce's disease. 


| 
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V. tiliaefolia 
Growth weak yet the vines persist for many years. Not promising breeding material. 


V. vinifera 

No resistance or tolerance to Pierce's disease is known in the species. A few klen- 
dusic varieties are known, but, once they are infected, the disease is soon fatal. 

This species enters into the parentage of many varieties of American-type grapes; 
it has many fine characters including perfect flowers, large clusters, large berries, 

a wide range of fine flavors, and various pleasing combinations of sugar and acid. 

The vine characters of vinifera are far from perfect, for the vines are extremely 
susceptible to a great range of pests and vine weaknesses: phylloxera, nematodes, 
root rots, black rot, anthracnose, mildew, various fruit rots, Pierce's disease, and 
other virus troubles. The vines are not vigorous or long-lived in the South. Because 
of its virtues and weaknesses, this species is the grape breeder's greatest source of 
hope and despair, Vinifera parentage in many varieties of American-type grapes un- 
doubtedly contributes to their susceptibility to Pierce's disease. 


V. vulpina 
Fruit too small to be of much value in the development of fruiting varieties. 
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TWO ADDITIONAL RACES OF PHYTOPHTHORA FRAGARIAE HICKMAN IN MARYLAND 


Richard H. Converse, D. H. Scott, and George F. Waldo 
Abstract 


Five physiologic races of Phytophthora fragariae Hickman 
have been found in Maryland. Four of them were recognized in 
strawberry field soils used in a greenhouse test completed in 
March 1958. The five races are numbered A-1 through A-5, on 
the basis of their pathogenicity to the five strawberry varieties and 
selections, Blakemore, Md. 683, Aberdeen, Del Norte, and Stele- 
master. Each variety or selection in order is the key variety in 
differentiating consecutively races A-1 through A-5. The designa- 
tion A-1 is suggested to replace the term "common race," A-2 to 
replace strain A, and A-3 for S; A-4 and A-5 are previously unde- 
scribed races. 


INTRODUCTION 


Physiologic specialization in Phytophthora fragariae Hickman, the incitant of red stele 
disease of strawberry and loganberry, was first reported by Scott et al. (7) in 1950. They de- 
scribed two physiologic races, designated strain S and strain A, from Maryland soil samples. 
The strawberry varieties and selections Blakemore, Md. 1972, Md. 683, Temple, Sparkle, 
Pathfinder, Ore. 1985, Mastodon, Fairland, and Aberdeen were used as differential hosts. 
Strain S was very pathogenic to Blakemore, Aberdeen, a United States commercial variety of 
unknown origin, and varieties with Aberdeen parentage, but was unable to infect selections 
Md. 1972 and Md. 683 which have résistance derived from the Firth seedling from Scotland, 
BK-46 (6). Strain A was very pathogenic to Blakemore, Md. 1972, and Md. 683, but did not 
infect varieties having Aberdeen resistance. 

Hickman and English (2) reported three races of the fungus in Great Britain, numbered 1, 
2, and 3, on the basis of the differential responses of the strawberry varieties Huxley, Perle 
de Prague, and Auchincruive Climax. Jeffers and Scott (3) recognized three races in Mary- 
land and, by testing five isolates sent from Great Britain by Hickman on 14 strawberry vari- 
eties and selections, found that at least four different races occurred among the British iso- 
lates, at least one of which was unlike the Maryland races in pathogenicity. 

Montgomerie (5) extended the British studies on physiologic specialization of P. fragariae 
and recognized four races by using the strawberry varieties and selections Perle de Prague, 
Climax, Auchincruive No. 11, and Aberdeen. 

McKeen (4) isolated 11 cultures of the fungus from strawberry and loganberry roots in 
British Columbia. Many of these cultures were found to differ from each other in their path- 
ogenicity to eight strawberry varieties and selections, Huxley, Perle de Prague, British Sov- 
ereign, Siletz, Md. 683, Stelemaster, Aberdeen, and Auchincruive Climax, and each variety 
and selection was capable of being infected by at least one of the cultures. 

The purpose of the present paper is to present the evidence for the existence of hitherto- 
undescribed races of P fragariae found in Maryland soils. 


MATERIALS AND METHODS 


Soils from five different locations near Pittsville, Maryland were placed in pots or benches 
in the greenhouse and 11 different Fragaria species, selections, and varieties and one Rubus 
occidentalis L. (black raspberry) selection were grown in these. A number of the strawberry 
plants used are either well-known varieties (Table 1) or were used by other workers (Md. 683) 
(7) as differentials. Del Norte and Yaquina are clones of wild Fragaria chiloensis (L.) 
Duchesne originally collected in California. N3953 and Sheldon are clones of wild F. virgini- 
ana Duchesne collected in North Dakota. The Rubus occidentalis used were open-pollinated 
Fi seedlings of the selection Md. 16 of the Maryland Agricultural Experiment Station. 

Pots (four per variety) of two of the soils, watered daily, were kept in shallow trays 
which were flooded daily. Three of the soils were placed in greenhouse benches in which 
plants were grown in randomized blocks of three plants of each variety or selection per block 
in each of four blocks. The benches were flooded twice each week. 


| 
! 
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Table 1. Pathogenicity of Phytophthora fragariae occurring naturally in 
five Maryland soils when tested in the greenhouse on certain 
strawberry varieties and selections and on Rubus occidentalis. 


Variety : 

selection : Major source : Host root reactions” in soil 
or species? : of host resistance : 
Blakemore None 2 2 2 2 2 
Aberdeen Aberdeen 10 3 2 8 2 
Md. 683 Firth 10 9 9 7 2 
Stelemaster Aberdeen & Firth 10 9 9 9 2 
Surecrop Aberdeen & Firth 9 10 - - 2 
Siletz F. chiloensis 9 7 © 120 2 
Del Norte A wild F. chiloensis 9 9 8 4 9 
Yaquina A wild F. chiloensis 10 10 - - 9 
N 3953 A wild F. virginiana 9 9 - - 9 
Sheldon A wild F. virginiana 8 9 - - 8 
Marshall Marshall - - 2 7 - 
Rubus 

occidentalis Rubus occidentalis - - 10 9 - 
L.S.D.: 5% level 1.3.2.7 


“4 See text for origins of selections and species. 

DA rating of 1 indicates complete susceptibility; 2, high susceptibility; 6 
moderate susceptibility; 8, high resistance but with at least some roots 
having red steles; 9, a few root tips dead but no red steles detected; and 
10, apparent immunity under the conditions of the test. 


Soil 1. Farm, Pittsville, Md. 2. Farm, Salisbury, Md. 3. Farm, 
Pittsville, Md. variety Temple field. 4. Farm, Pittsville, Md., vari- 
ety Dixieland field. 5. Farms, Pittsville, Md. (Samples composited) 


Origins of the soil samples are given in footnote c, Table 1. Soils 1, 2, and 5 were ob- 
tained in 1953 from fields infested with P. fragariae, and the same lots of soil were used each 
year thereafter to test strawberry seedlings for red stele resistance in the greenhouse. Soils 
3 and 4 were collected in adjoining infected commercial strawberry fields in October 1957. 

Temperatures were kept near 13° C from the time of planting in October 1957 until the 
plants were dug. In mid-March 1958 the plants were dug, washed, and evaluated for red stele 
resistance on a 1 to 10 scale (see footnote b, Table 1). The degree of root rotting, the number 
of roots with red steles, and the distance toward the crown that steles were reddened in infected 
roots were the factors used in making the ratings. In the general evaluation of severity ratings, 
varieties that had average ratings of 1 to 4 were regarded as being severely infected, 5 to 7 
moderately infected, 8 slightly infected, and 9 to 10 uninfected or having unconfirmed traces 
of infection. In the classification of races using five key strawberry varieties and selections 
only three categories were used, ratings 1 to 7 being called susceptible. The data from pot 
and bench tests were each subjected to an analysis of variance, and fiducial intervals were 
determined for varietal means in each case. The true disease-rating mean for a given variety 
from a given soil was determined to be within 1. 2 rating units of the observed mean 95 percent 
of the time. 

Oospores corresponding to those described by Bain and Demaree (1) for P. fragariae were 
found commonly in badly infected roots. Cultures of P. fragariae were obtained from infected 
strawberries in each of the five soils. 


RESULTS 
Soil 1 contained a race either unable to parasitize strawberries carrying Aberdeen, Firth, 


wild Fragaria chiloensis or F. virginiana types of resistance or causing only slight infection 
on them. Only Blakemore, a completely susceptible variety, was severely infected. 
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In soils 2 and 3 P. fragariae caused severe red stele disease on Blakemore and Aberdeen 
but not on varieties or selections having Firth resistance. The two collections of the fungus 
were very Similar in pathogenicity, differing mainly in their pathogenicity to Siletz, which has 
F. chiloensis resistance. Rubus occidentalis was uninfected in soil 3. 

The soil 4 fungus produced severe infection on Blakemore, moderate infection on Md. 683, 
slight but definite infection on Aberdeen, and severe symptoms on Del Norte. No clear-cut in- 
fection of R. occidentalis occurred in soil 4. 

The fungus in soil 5 caused severe red stele disease on Blakemore and on the varieties 
having Aberdeen or Firth resistance, or both, and also on Siletz. Slight infection occurred on 


the Sheldon F. virginiana clone, whereas the other F. virginiana and F. chiloensis clones had 
only a few dead root tips. 


DISCUSSION 


When, as in the present study, naturally infested soils instead of pure cultures are used as 
sources of inoculum, there is a chance that more than one race of the pathogen may be present 
in any given soil. Because of the uniformity of the degree of infection among varietal replicates 
in the soils used in the present experiment, it is assumed that a single race was present in 
each soil and the data are interpreted on the basis of this assumption. The possibility that 
the pathogenicity of the fungus in the composite soil sample (Soil 5) was that of a mixture of 
races is made less likely by the fact that prior to 1957 the fungus in this soil was consistently 
found to behave as race A-3. It is realized, however, that racial identification by means of 
pure cultures is both desirable and feasible (2, 4, 5), and such studies are contemplated. 

The differences in physiologic specialization of all the samples of P. fragariae thus far 
collected in Maryland can be determined by the use of the five strawberry varieties and selec- 
tions, Blakemore, Md. 683, Aberdeen, Del Norte, and Stelemaster. Table 2 is a key to the 
five races thus recognized. The five soils tested (Table 1) contained at least four distinct phys- 
iologic races. Two of these fit the description of known races. A description of the host 
range of each of the five races based on responses of the five varieties and selections used in 
Table 2 follows. 


Table 2. Key to races of Phytophthora fragariae recognized in Maryland, 
March 1958. 


Races : Varietal responses@ of the strawberry variety or selection 
: Blakemore : Md. 683: Aberdeen : Del Norte: Stelemaster 


A-1 Ss R R R R 
A-2 R R 
A-3 R Sl R 
A-4 Sl R 


aS = susceptible (severity ratings 1 of Table 1). 
S1= slightly susceptible (severity rating 8 of Table 1). 
R = resistant (severity ratings 9 - 10 of Table 1). 


The soil 1 race corresponds to the isolate C-3 of Bain and Demaree (1) and is capable of 
severely infecting only completely susceptible strawberries like Blakemore. This race has 
often been called the "common race" but has not previously been given other identification. 
The designation A-1 (American-1) is proposed for this race. 

Although a soil infested with strain A (7) was not tested, it is proposed that strain A, ca- 
pable of causing red stele on Blakemore and other completely susceptible strawberries and 
those having the Firth or Scottish type of resistance but not infecting those having Aberdeen 
resistance, be redesignated race A-2. 

The fungi in soils 2 and 3 fit the description of strain S (7) if the small differences in sus- 
ceptibility of Siletz which distinguishes the fungus in soil 2 from that in soil 3 is disregarded. 
The designation A-3 is suggested to replace S for this race, capable of severely parasitizing 
completely susceptible strawberries like Blakemore and those having only the Aberdeen-type 
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of resistance but causing only slight infection of Del Norte and not infecting Md. 683. 

The fungus in soil 4 is characterized by causing infection on Blakemore, Md. 683, and Del 
Norte and slight infection on Aberdeen, but not on Stelemaster. Apparently it is a distinct new 
race, for which the designation A-4 is proposed. 

The soil 5 fungus appears to be distinguished from the other known American races by its 
ability to cause severe infection on susceptible strawberries like Blakemore, on those having 
the Aberdeen and the Firth types of resistance alone or in combination, and by its ability to 
infect Del Norte. The designation A-5 is suggested for this pathogen. 

Because the same differential hosts were not available for use, it is impossible to equate 
the five Maryland races with the three of Hickman (2), the four of Montgomerie (5), and the 
isolates of McKeen (4). The race designations A-1, 2, 3, 4, and 5 proposed are convenient 
temporary means of referring to these pathogens. It is anticipated that these designations will 
be abandoned in favor of a uniform international numbering system for physiologic races of P. 
fragariae, when a set of differential hosts can be established for this purpose and the races 
presently recognized throughout the world can be equated. 

The recognition of races A-4 and A-5 raises the question of adequate sources of genetic 
resistance for the cultivated strawberry. The commercial strawberry varieties now grown in 
the United States are all known to be either susceptible or likely to be very susceptible to race 
A-5. Although this race has as yet been recognized only in greenhouse soil, nevertheless, its 
possible occurrence in the field can now be foreseen. 

Waldo (8) found F. chiloensis to be a major source of resistance in Oregon. Race A-4, 
now present in commercial strawberry fields in Maryland, is a potential threat to varieties 
which might otherwise utilize Del Norte F. chiloensis resistance. The susceptibility-resist- 
ance pattern of Siletz and Del Norte to races A-4 and A-5 indicates, however, that there is 
more than one source of genetic resistance in the species F. chiloensis. 

The resistance of certain F. virginiana clones were reported by Reid (6) and Montgomerie 
(5) to be very strong, and strong resistance was also found in the present study. Both F. vir- 
giniana and F. chiloensis exhibit great variation in red stele resistance, for Montgomerie (5) 
reported red stele susceptibility in seedlings of both species. 

There is ample evidence in the literature for the wide range of physiologic specialization 
in isolates of P. fragariae from the cultivated strawberry. Moreover, the work of McKeen (4) 
indicates susceptibility to P. fragariae in several species of Rubus. The five races of P. fra- 
gariae now recognized in the United States were all obtained from a small number of soil sam- 
ples from the mid-Atlantic States. It would seem very likely that wider sampling will reveal 
additional physiologic races of this fungus in the United States. 
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PHYTOPHTHORA BLIGHT OF STRAWBERRY 


E. L. Felix 


Phytophthora blight of strawberry! has now been found in a number of berry-producing 
fields in middle, eastern, and northeastern Tennessee. On May 13, an average of 50 to 65 
percent of the pedicels, buds, flowers, and berries were affected in some fields of Tennessee 
Beauty and Blakemore in the Portland area, although the disease appeared to be somewhat 
less active with the recent occurrence of drier weather. An unusually heavy set of blossoms 
occurred this year and yields may be greater than expected, despite the disease. Information 
obtained indicates that the disease was present in 1957 in a field of Pocahontas near Portland. 

The strawberry plants apparently are never killed, although all parts, with the possible 
exception of the crowns, are affected. The Phytophthora is especially destructive to the pedi- 
cels, all parts of the blossoms, and in addition causes a serious fruit rot. Affected green 
berries quickly turn from brown to black, becoming dry and very firm. General drying-up 
and dying of blossoms and fruits result from pedicel infections. Contact with the ground was 
not a necessary factor for infection under the wet conditions which prevailed this spring, 
since affected parts were about 6 inches above the ground. 

Oospores are produced in great abundance in the calyx and fruit, as well as in culture. 
Antheridia are predominantly, if not all, paragynous, and the fungus may be identical with or 
related to Phytophthora cactorum, reported affecting the peduncles, flowers, and berries in the 
Humboldt, Tennessee area, and in other States in 1922 and 19232. 


Pertinent weather data relating to the Portland plantings are summarized in Tables 1 and 2. 


Table 1. Pertinent 5-day weather summary in relation to Phytophthora blight and 
rot of strawberry at Portland, Tennessee, September-December, in- 
clusive, 1956-1957. 


: 1956 1957 
Period : Average tem- : Inches and number : Average tem- : Inches and number 
ending : perature ° F. : days precipitation* : perature ° F. : days precipitation* 
Sept. 
2 77.4 0. 23(2c) 81.6 0. 00 
Fs 71.2 0. 38(1) 72.2 0.00 
12 67.5 0.00 72.4 0. 99(4, 3c) 
17 80.5 0.00 14.0 2.31(4c) 
22 66.0 0.00 73.8 1. 67(3c) 
27 65.7 0. 16(1) 65.3 0.00 
71.3 0.77 72.9 4.97 
(4, 2c) (11, 3c, 5c, 3c) 
Oct 
2 70,7 0.00 63.1 0.00 
7 66.5 1. 32(3c) 59.8 0. 31(2c) 
12 59.8 0.00 57.8 0.00 
17 64.8 0.00 61.8 0. 95(2c) 
22 63.6 0. 47(2c) 53.0 0.00 
27 61.7 0. 23(1) 48.7 2. 03(3, 2c) 
64.5 2.02 57.4 3.29 
(6, 3c, 2c) (7, 2c, 2c, 2c) 


IFelix,E.L. 1958. A Phytophthora blight and root rot of strawberry. Plant Dis. Reptr. 42: 818- 
819. 


2Rose,D.H. 1924. Leather rotofstrawberries. Jour. Agr. Res. 28: 357-376. 
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Table 1. 


Continued). 


Period : Average tem- : 


1956 


1957 


Inches and number 


Average tem- 


: Inches and number 


ending : perature ° F. : days precipitation* perature ° F. : days precipitation* 
Nov. 
1 59.8 0. 06(1) 50.3 0. 17(1) 
6 62.1 0. 12(1) 51.1 0. 45(1) 
ll 50.1 0.00 42.8 1. 48(2c) 
16 53.0 0. 78(1) 56.7 1. 60(2c) 
21 48.2 0. 83(2c) 52.4 3. 40(3c) 
26 33.3 0. 08(2c) 42.5 0. 60(2) 
51.1 1.87 49.3 7.70 
(7, 2c, 2c) (11, 2c, 2c, 3c) 
Dec. 
1 34.5 0.00 46.7 0. 79(1) 
6 58.4 0.00 46.0 0. 13(2) 
11 48.5 0. 86(4, 3c) 38.0 2. 14(3c) 
16 51.1 2. 36(4c) 43.0 0. 36(2c) 
21 50.5 1. 44(3, 2c) 54.1 2. 12(4c) 
26 45.3 0. 99(3c) 51.4 0. 96(2c) 
31 43.0 0. 08(1) 40.6 0.05(1) 
47.3 5.73 45.7 6.55 


(15, 3c, 5c, 5c) 


(15, 4c, 6c, 2c) 


*The figure preceding "c" represents the number of consecutive days of precipitation 


Table 2. Pertinent 5-day weather summary in relation to Phytophthora blight and 
rot of strawberry at Portland, Tennessee, January-May 10, inclusive, 
1957-1958. 

: 1957 1958 

Period : Average tem- : Inches and number Average tem- : Inches and number 

ending : perature ° F. : days precipitation* perature ° F. : days precipitation* 

Jan. 

5 35.0 0. 85(2c) 28.6 0.00 
10 44.9 0. 50(2c) 32.1 0.00 
15 32.8 0.00 40.4 0. 69(2) 
20 27.2 0. 22(1) 34.2 0. 05(1) 
25 46.7 27 88(3, 2c) 36.5 1. 58(2) 
30 37.5 5. 90(3c) 37.9 0. 00 
37.3 10.35 35.0 2.32 
(11, 2c, 2c, 3c, 3c) (5, 2c) 
Feb. 
4 46.3 1. 27(2c) 28.7 0. 78(2) 
9 51.9 1. 03(4c) 32.1 0. 58(3c) 
14 46.5 0. 47(1) 21.8 0.00 
19 39.5 1. 80(2) 12.2 0. 13(1) 
24 45.0 0. 01(1) 40.4 0. 03(1) 
45.8 4.58 2.71 1.52 
(10, 2c, 4c) (7, 4c) 
Mar. 
1 48.3 1. 03(4c) 52.0 0. 70(1) 
6 42.1 0.50(1) 45.7 0.00 
11 0. 84(2c) 41.6 0. 86(2) 
16 54.1 0. 66(2) 39.4 0. 76(2c) 
21 48.4 0. 13(2) 37.5 0. 47(2c) 
26 50.2 1. 09(4, 3c) 44.3 1. 22(3c) 
31 48.2 0. 00 46.9 0. 45(1) 
7.5 4.25 43.9 4.46 
15, 4c, 3c, 2c, 3c) (11, 2c, 2c, 3c) 
Apr 
5 61.5 3. 40(5c) 60.4 0. 08(2c) 
10 53.1 0. 46(2) 50.6 1. 60(2) 
15 47.0 0.00 53.1 0. 42(1) 
20 64.4 0. 66(1) 63.9 0. 29(2c) 
25 74.2 0. 50(3c) 62.9 0. 88(2c) 
30 71.4 0. 80(1) 59.0 2. 04(3, 2c) 
61.9 5. 82 58.3 5.31 
(12, 6c, 3c) (12, 2c, 3c, 3c) 
May 
5 59.4 0. 62(2c) 67.2 0. 64(3, 2c) 
10 64.7 0. 00 54.3 1. 22(4, 2c, 2c) 


*The figure preced 


ing c represents the number of consecutive days of precipitation. 
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FUSICOCCUM CANKER OF THE HIGHBUSH BLUEBERRY ESPECIALLY 
WITH REFERENCE TO ITS OCCURRENCE IN NOVA SCOTIA! 


D. W. Creelman2 
Abstract 


Fusicoccum canker, a hitherto undescribed disease of the 
highbush blueberry, Vaccinium corymbosum L., is the most im- 
portant disease of that plant in Nova Scotia. Its distribution ap- 
pears limited to the coastal areas of northern North America. The 
pathogen is identical with the one which causes end rot of cran- 
berries, Vaccinium macrocarpon L. Attempts to control the dis- 
ease by the application of fungicides have proved unsuccessful. 


A canker, caused by a fungus indistinguishable from Fusicoccum putrefaciens Shear, has 
been reported to occur on the cultivated highbush blueberry in Quebec (1), British Columbia 
(2, 4, 5, 6, 7, 11) and Nova Scotia (3, 4, 7, 8, 9, 11). The writer has also observed it in 
New Brunswick and its presence in Maine is confirmed by a specimen collected at Orono and 
communicated by Dr. M. T. Hilborn. In Nova Scotia the disease has been so severe that 
growers have been hesitant in extending their plantings of this blueberry It is the most seri- 
ous disease of the highbush blueberry in that province. 

Although the disease was recognized in 1931 (1) it has never been adequately described. 
The name "Fusicoccum canker" is proposed. 

Cankers on all the highbush varieties that have been observed appear first as small red- 
dish discolorations on the stems. As the cankers enlarge the margins remain reddish, while 
the bark over the center of the canker turns gray, then brown and finally the tissue dies. On 
actively growing stems the cankers assume a flattened or concave appearance. Pycnidia of 
the causal organism appear on the dead bark in the cankers for about 5 weeks, beginning in 
late July. Eventually the dead bark sloughs off. 

The cankers increase in size both along and around the stem and may attain a length of 3 
to 5 inches. Complete girdling of affected stems usually occurs in one season, though par- 
tially girdled stems may survive into the next growing season. The majority of cankers ob- 
served have been located at the base of the stem, frequently extending below the surface of the 
-‘mulched soil and into the crowns of plants. However, cankers may also occur on the stems 
well above the ground level. The cortex, cambium, and, to a limited extent, the xylem are 
invaded by the fungus. Discolored areas in the xylem do not extend deeply before death of the 
stem occurs. 

The most striking symptom of the disease is the sudden wilting and death of girdled stems 
during periods of dry, warm weather. Because stems may become girdled by cankers that 
occur wholly below the soil surface, the first symptom of the disease often is wilting of ap- 
parently healthy stems. The wilting may occur in the space of a few hours. 


THE DISEASE 


The fungus overwinters as mycelium in cankers on living stems and in the crowns of af- 
fected plants. Expansion of such cankers early in the growing season is evidence of this mode 
of survival. Cankers also appear in the spring at the bases of new stems. Longitudinal sec- 
tions cut through such cankers show that they have been caused by growth of the mycelium 
from infected crowns into the new wood. This type of invasion was recorded in 1952 near 
Kentville, Nova Scotia, on 15 May. On7 June in the same year the first wilting of cankered 
stems was observed in a planting of blueberry plants 4- to 6-years old. Infected stems con- 
tinued to wilt and die throughout the summer. It is apparent that sufficient water is conducted 
up the stems to allow the buds to swell and new leaves to develop. With the onset of dry, 
warm weather transpiration becomes excessive and curtailment of an adequate water supply 


IContribution No. 1695 from the Botany and Plant Pathology Division, Science Service, Canada 
Department of Agriculture, Ottawa, Ontario. 
2 Associate Mycologist. 
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causes the young leaves to wilt and the wood to dry out and die. 

Laboratory studies conducted at Kentville showed that F. putrefaciens could maintain a 
slow rate of growth at temperatures as low as 0° C. It could be assumed, then, that limited 
growth of the fungus might occur in the host during the winter months. 

A discomycetous fungus found fruiting in May on old pruning stubs and on piles of discard- 
ed prunings proved, upon culture of the ascospores, to be the ascigerous stage of F. putre- 
faciens. On living plants the apothecia are borne at or near the soil surface and are easily 
overlooked. In no case were apothecia found on wood less than 3 years old. It was demon- 
strated that successive annual crops of apothecia are produced on old prunings. 

Attempts to produce the disease in the greenhouse by means of ascospore inoculum were 
not successful, and the role of the perfect stage of the fungus in the etiology of the disease is 
not clearly understood. The spread of canker from plant to plant within a plantation and the k 
appearance of new pin-point infections on stems during and shortly after the time the apothecia ; 
are producing spores suggest that new cankers may be initiated by ascospore inoculum. Suc- 
cessful inoculations with suspensions of conidia and wefts of the mycelium have been made 
through artificial wounds. 

Fusicoccum canker is a serious disease in young blueberry plantations in Nova Scotia. 

Young plants in which the crowns have become infected may be completely killed. Even where 
death of the whole plant does not occur, when the bush is small the loss of one or more stems 
constitutes asevere setback to its becoming established. As the plant approaches maturity the 
loss of potential fruiting canes is a serious consideration. In the case of infections in mature, 
well-established plantations, loss of individual stems is not of great importance since the 
plant produces sufficient new growth annually to more than offset any loss caused by the dis- 
ease. In short, the presence of canker is of prime importance in determining the success of 
newly-set plantings of the highbush blueberry. 

One practice, commonly followed in blueberry culture in Nova Scotia, seems to favor the 
development of basal cankers. This is the practice of mulching heavily with sawdust in order 
to maintain sufficient soil moisture for plant development. The heavy mulch provides a pocket ; 
of high humidity at the base of the plant with sufficient aeration to favor the growth of the t 
pathogen. 


THE PATHOGEN 


Shear (13) in 1917 described Fusicoccum putrefaciens from rotted cranberries, Vaccin- 
ium macrocarpon L., collected in Michigan and established that pathogen as the cause of a 
disease which he named end rot of cranberries. In the same paper Shear reported the pres- 
ence of a discomycetous fungus on rotted and mummified berries and speculated on the possi- 
bility of its connection with F. putrefaciens. In 1929 Shear and Bain (14) considered F. putre- 
faciens to be the conidial state of Godronia cassandrae Peck, which had been described (12) 
from dead branches of Chamaedaphne calycylata (L.) Moench, and suggested that the fungus 
on Vaccinium and the one on Chamaedaphne were identical. 

When assigning F. putrefaciens to Godronia cassandrae, Shear and Bain stated that they 
had found minor variations between their material from Vaccinium and Peck's description of 
the fungus on Chamaedaphne. Similar variations were evident to the writer and were also 
recognized by Dr. J. Walton Groves of the Canada Department of Agriculture, Ottawa, (per- 
sonal communication). Dr. Groves has studied both the fungus on Chamaedaphne and the one 
on Vaccinium and is of the opinion that they are quite distinct. He states in another personal 
communication that the Vaccinium fungus is probably undescrib.d and, moreover, should be 
referred to a genus other than Godronia. 

End rot is one of the most important causes of wastage of cranberry fruit in storage in 
Nova Scotia. Harrison (in 7, 9) reports that from 48 to 82 percent of the isolates from rotted 
berries collected at different locations in that province were F. putrefaciens. Despite re- 
peated searches the writer has collected apothecia of the organism only once on cranberry in 
Nova Scotia. The one collection (KP1639) was on mummified berries at Aylesford and is 
deposited in the herbarium of the Plant Pathology Laboratory, Kentville. Godronia cassandrae 
has not been found on Chamaedaphne in Nova Scotia. 
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CONTROL 


A measure of control of the disease has been obtained in Nova Scotia by careful pruning 
and burning of diseased stems. Complete eradication is not possible by this means as the 
fungus often extends deeply into the crown of the plant. In established plantations the pruning 
and burning form of sanitation usually keeps the disease well below a destructive level. Heavy 
pruning in young plantations has an adverse effect on the plants. Lockhart (in 11) estimated 
that in an attempt to control canker through pruning in one planting in Nova Scotia, 25 percent 
of the potential fruiting stems were lost. There is evidence that plants propagated from cut- 
tings taken in diseased plantations may carry the disease. 

In 1952 an experiment was conducted near Kentville, Nova Scotia to determine the effec- 
tiveness in controlling canker of several fungicides applied in different schedules. 

Three series of treatments were tested. Each treatment was applied to randomized 
blocks of fourteen plants replicated four times. In the first series four chemicals were ap- 
plied to the stems and crowns of plants at the delayed dormant stage in an attempt to eradicate 
the overwintering stage of the pathogen: lime sulphur, 1 to 40; dichlone, 1 pound to 100 gal- 
lons; phenyl mercury acetate (Tag), 1/2 pint to 100 gallons; and dinitro ortho cresol (Elgetol) 
1 to 100. 

In the second series the delayed dormant applications were followed by two, three, and 
four applications of Bordeaux 10-15-100 at 10-day intervals. In the third series two, three, 
and four applications of Bordeaux 10-15-100 were made, without prior treatment, with the 
eradicant-type chemicals. All treatments were compared with unsprayed control blocks 
randomized throughout the plantation. 

Records taken in the fall of 1952 and in the spring of 1953 showed that the fungicides ap- 
plied had been completely ineffective in preventing the formation of new cankers on infected 
plants and spread of the disease to other plants. W. E. McKeen, in a letter to the writer in 
1957, reports a similar failure to control Fusicoccum canker with fungicides in British 
Columbia. None of the materials used were phytotoxic to the highbush blueberry under the 
conditions of the experiment conducted near Kentville. 

A few observations concerning the relative susceptibility of horticultural varieties of the 
blueberry have been recorded. Fitzpatrick and McSwan (in 7) reported that Atlantic, Jersey 
and Pemberton seemed to be particularly susceptible in coastal British Columbia. Lockhart 
(in 9) reported from Nova Scotia that a 40 percent infection was seen in Burlington and Jersey 
but that Rancocas and Stanley were only lightly affected. 


Literature Cited 


CANADIAN PLANT DISEASE SURVEY, 
CANADIAN PLANT DISEASE SURVEY, 
CANADIAN PLANT DISEASE SURVEY, 
CANADIAN PLANT DISEASE SURVEY, 
CANADIAN PLANT DISEASE SURVEY, 
CANADIAN PLANT DISEASE SURVEY, 
CANADIAN PLANT DISEASE SURVEY, 
CANADIAN PLANT DISEASE SURVEY, 
CANADIAN PLANT DISEASE SURVEY, 
10. CANADIAN PLANT DISEASE SURVEY, Rept., 36th. 1956 (1957) 
11. CANADIAN PLANT DISEASE SURVEY, . Rept., 37th. 1957 (1958) 
12. PECK, C. H. 1886. Report of the State botanist. New York State 
Mus. Nat. Hist. Ann. Rept. 39: 50. 
13. SHEAR, C. L. 1917. End rot of cranberries. Jour. Agr. Res. 11: 
35-41. 
14. SHEAR, C. L., and HENRY F. BAIN. 1929. Life history and patho- 
logical aspects of Godronia cassandrae Pk. (Fusicoccum putre- 
faciens Shear) on cranberry. Phytopathology 19: 1017-1024. 


Rept., llth. 1932 (1933) 
Rept., 23rd. 1944 (1945) 
Rept., 27th. 1948 (1949) 
Rept., 28th. 1949 (1950) 
Rept., 29th. 1950 (1951) 
Rept., 30th. 1951 (1952) 
Rept., 31st. 1952 (1953) 
Rept., 32nd. 1953 (1954) 
Rept., 34th. 1955 (1956) 


BOTANY AND PLANT PATHOLOGY DIVISION, SCIENCE SERVICE, CANADA DEPARTMENT 
OF AGRICULTURE, OTTAWA, ONTARIO 


‘ 
| 


846 Vol. 42, No. 7--PLANT DISEASE REPORTER--July 15, 1958 


AMMONIA GAS FUMIGATION FOR CONTROL OF RHIZOPUS ROT ON PEACHES 


I. L. Eaks, J. W. Eckert and C. N. Roistacher! 


Spoilage due to Rhizopus nigricans Ehr. has caused serious economic losses to peach 
shippers and canners, Over the years, numerous dust, spray, and fumigant treatments have 
been evaluated for control of this disease (2). In a recent paper describing the results of 
screening 76 chemicals, Smith et al, (4) reported that only tetrachloroethylene and trichloro- 
ethylene effectively reduced Rhizopus rot. DiMarco and Davis (1) found that either mycostatin 
or sodium o-phenylphenate in the hydrocooler water gave a substantial reduction of Rhizopus 
rot on field run peaches. 

Since Rhizopus gains entry through picking and handling injuries, an inexpensive, easily 
applied fumigation treatment at the receiving shed would be highly desirable. This would be 
particularly true for processing peaches which are harvested at full maturity and thus very 
susceptible to the ravages of Rhizopus rot. Under somewhat similar circumstances, ammonia 
gas has shown considerable promise for control of Penicillium italicum Wehm. and P. digita- 
tum Sacc, on citrus fruits (3). 

The investigations reported here describe the use of ammonia gas fumigation immediately 
after harvest for control of Rhizopus rot of peaches. 


MATERIALS AND METHODS 


Fruit of various varieties and in various stages of maturity were obtained from available 
sources as required. Two to four hours prior to fumigation, firm to soft peaches were 
scratch-inoculated with a Rhizopus spore suspension, Fumigations were carried out in 8-. 
cubic-foot wood chambers, except that in one test a metal-lined walk-in refrigerator box (600 
cubic foot capacity) was used, The atmosphere in both chambers was continuously circulated 
during the fumigations. Temperatures of 70° to 75° F prevailed during all fumigations and 
subsequent holding periods. Ammonia gas (fertilizer grade anhydrous ammonia) was metered 
into the chambers through calibrated capillaries over a 6-hour period. At definite times dur- 
ing the fumigation, gas samples were withdrawn from the fumigation chambers, washed with 
water, and the quantity of ammonia in the pooled washings determined colorimetrically after 
nesslerization, 

Despite identical gas flow rates, considerable variation in the ambient ammonia concen- 
tration was encountered on successive fumigations. Slight variations in the conditions existing 
within the fumigation chambers have considerable influence upon the amount of free ammonia 
in the atmosphere, In order to conteract these influences, it was necessary to make minor 
adjustments in the ammonia flow rate during the fumigation to maintain a uniform concentra- 
tion surrounding the fruit. 

Decay control was evaluated on both the second and fourth days after inoculation. This 
inspection schedule was adopted because (a) decay development is rapid on mature fruit and 
(b) canning peaches are seldom held more than a few days before processing, 


RESULTS AND DISCUSSION 


The data obtained during two seasons (1955-1956) are summarized in Figure 1. The per- 
cent decay reduction of these five tests (18 samples averaging 50 fruit per sample) is combined 
according to the quantity of ammonia used and the resulting range of ambient ammonia con- 
centrations in the fumigation chambers. Figure 1 illustrates that: (a) relatively low ammonia 
concentrations (167 to 234 ppm) retarded decay for 2 days followiny inoculation; and (b) fruit 
held 4 days required relatively large amounts of ammonia (500 to 740 ppm) for good decay con- 
control, Fruit injury due to the ammonia was not apparent in any of these tests, 

The effect of one versus two independent 6-hour ammonia fumigations is presented in 
Table 1. Although the second fumigation did not appear to improve the ammonia treatment as 
evaluated 2 days after inoculation, the 4 day counts indicated a definite advantage of the two 
fumigations at the two higher dosages, The results in part 2 (Table 1) show good control by 
both the one and the two fumigations. Slight fruit injury developed following two 6-hour fumi- 
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1l00F 2 DAYS AFTER INOC. 
Wm 4 DAYS AFTER INOC. 
| FIGURE 1. Effect of a 6- 

80r hour ammonia gas fumigation 
~~ on the incidence of Rhizopus 
2 rot on peaches 2 and 4 days 
g after inoculation, "L. NH 
60F used" refers to the total amount 
- of ammonia gas in liters deliv- 
a } ered to the 8-cubic-foot chambers 
w during the fumigation, "Av. 
° 40k NH3 conc, ppm" refers to the 
5 average concentration of ambient 
3} ammonia gas in the chamber 
“A during the 6-hour fumigation 
a period, 

A NH USED 08 1.6 25 4.1 5.2 


AV. NH, CONC. 830R 
LESS 


PPM 


83-167 (67-234 234-500 500-740 


4 percent decay reduction =% decay on control - % decay on treatment x 100 


% decay on control 


Table 1. Effect of one versus two independent 6-hour ammonia fumigations 
(consecutive days) on the control of Rhizopus rot on peaches, Each 
treatment in part 1 represents 60 fruit (1 lug), each inoculated twice 
with a spore suspension containing 300, 000 Rhizopus spores per 
cubic centimeter. Each treatment in part 2 represents 330 fruit 
(5 lugs), each inoculated once with a spore suspension of 130, 000 
spores per cubic centimeter. 


Average 
Ammonia ammonia : 
delivered concentration : Number of ; Percent decay after 
(liters) (ppm) : fumigations . 2days : 4 days 
Part 1. 8-cubic-foot chambers 
0 0 1 85 98 
0 0 2 79 90 
0.8 90 1 8 54 
te 90 2 27 63 
2.5 250 1 4 58 
5.0 250 2 1 12 
5.0 470 1 1 59 
10.0 470 2 2 8 
Part 2. 600-cubic-foot chambers 
0 0 - - 95 
154 500 1 - 9 
254 500 2 - 3 
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gations at 500 ppm amount concentration ammonia, 
CONCLUSIONS 


The data show that ammonia gas fumigation is effective in controlling Rhizopus rot of 
peaches. However, with the severe inoculation procedures used, comparatively high ambient 
concentrations were required for good control. Under conditions of less severe inoculation 
it is probable that effective control could be obtained without fruit injury by two 6-hour fumi- 
gations of an average ammonia concentration of about 250 ppm, Any fumigation must be ac- 
companied by sampling to determine the ambient ammonia concentration in the chamber. 


Commercial recommendations cannot be made without extensive field testing and statistical 
evaluation of the test results. 
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LYCOPERSICON OR LYCOPERSICUM: BOTANICAL NAME OF THE TOMATO 


B. Thornberry! 


This is a plea for plant pathologists and others to use standardized spelling when writing 
the botanical name of the tomato. The advantage of uniform spelling seems so obvious that 
further discussion of the subject should be unnecessary to achieve the objective, uniform spell- 
ing. 

Assuming that only one spelling should be used, the question arises as to which spelling, 
Lycopersicon or Lycopersicum, should be continued. Some pertinent information about these 


Names is contained in the following quotation: 


"In his Species Plantarum (1753), the starting point for nomenclature of flower- 
ing plants, Linnaeus treated the common tomato as Solanum Lycopersicum. 

"One year later, when Philip Miller transferred it to the genus Lycopersicon 
in his Gardeners Dictionary (abridged edition, 1754), a new specific epithet, esculentum, 
was required because the epithet used by Linnaeus is repetitive of the generic name. 
However, according to our rules of nomenclature, Miller's binomial is inadmissible 
because it was published in a work that does not consistently follow the binary system 
of nomenclature. For the same reason John Hill's binomial Lycopersicum esculentum 
published in 1765 in The Vegetable System (Vol. 9, p. 32) must be rejected. Although 
this binomial is invalid, the generic name is acceptable, because the names of genera, 
even when published in books that did not consistently follow the binary system, are, ac- 
cording to our principles of nomenclature, validly and effectively published. 

"Eventually this binomial was validated in 1768 by Miller in the eighth edition 
of his Dictionary (really a botanical and horticultural encyclopedia) in which the Lin- 
naean system of binary nomenclature was consistently empioyed. 

"It was thought necessary at the meeting of the International Botanical Congress 
at Stockholm in 1950 to propose Lycopersicum Hill (1765) for conservation over Lyco- 
persicon Miller (1754), but as the proposal has not been validated we may regard these 
names as orthographical variants, and the proposal for conservation is unnecessary. The 
International Code of Botanical Nomenclature requires that "the original spelling of a 
name or epithet must be retained."' The ''-um" ending was first used by Linnaeus, was 
changed by Miller, restored by Hill, and supported by Miller in 1768. Recommendation 
is here made that the generic name of the tomato be written Lycopersicum Hill (1765), 
with the species designated as Lycopersicum esculentum Mill. Gard. Dict., ed. 8, No. 
2 (1768). It is recorded this way in Index Kewensis. 

"There is a good recent (1940) monograph on Lycopersicum by C. H. Muller in 
United States Department of Agriculture, Miscellaneous Publications, No. 382, witha 
full bibliography, although Dr. Muller does not use the spelling advocated here."' --Mem- 
orandum by G. N. Jones, Professor of Botany, University of Illinois. 


On the basis of the above information, it is here proposed that plant pathologists and others 
follow this recommendation for the correct spelling of the names of the tomato. 
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OCCURRENCE OF TOMATO FRUIT POX IN CALIFORNIA 


E. E. Butler, K. A. Kimble, and D. Zaiger 


In October and November 1957, tomato fruit with symptoms resembling pox (2) were ob- 
served in green-wrap fields of Pearson variety near Patterson, Stanislaus County, California. 
In some fields approximately 75 percent of the vines bore fruit with pox symptoms. 

Fruit affected by pox had few-to-many discrete tan-colored lesions distributed at random 
on the fruit. The surface of these lesions was generally ruptured and the tissue of older 
lesions appeared corky. Small light-to-dark green spots were present on many fruit; such 
spots have been previously described as precursors to pox lesions (2). Numerous pox lesions 
were surrounded by a zone of darkened tissue (Fig. 1). On ripe fruit these often consisted of 
large black areas with the original pox lesion at the center (Fig. 1, lower right). The symp- 
toms observed in California were similar to those described by Ivanoff and Young (2). 


FIGURE 1. Tomato fruit with symptoms of pox. Small-to-large dark areas around pox 
lesion are due to invasion of tissue by fungi. 
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Limited attempts were made to isolate fungi from diseased fruit. Pox lesions in various 
stages of development were removed from the fruit, surface-treated with 1-1000 solution of 
mercuric chloride, and plated on water agar and potato-dextrose agar containing novobiocin 
(1). No organisms were obtained from the light or dark green spots and the pox lesions with- 
out a darkened border. Alternaria tenuis Auct. and/or Stemphylium botryosum Wallr. were 
isolated consistently from pox lesions with dark borders. 

The cause of pox is unknown and little information is available concerning the distribution 
and importance of the disease in the United States. The publication by Ivanoff and Young (2) 
seems to be the only original report on pox. 
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RELATION OF PROTOPLAST PERMEABILITY TO COTTON SEED 
VIABILITY AND PREDISPOSITION TO SEEDLING DISEASE 


John T. Presley! 


In the literature dealing with various aspects of seed viability, seedling vigor and seed- 
ling disease, there seems to be general agreement that the three factors which affect seed 
most are time, temperature and moisture. To determine the effects of these factors on cot- 
ton seed, aliquots were placed in containers at approximately 100 percent relative humidity. 
The containers were held at 15°, 20°, 30°, 40°, and 50° C. Samples were taken at various 
intervals and the seed germinated at 15°, 20°, 25°, and 30°. From this test it was found that 
temperatures of 30° or below for 25 days did not appreciably affect viability of the seed, while 
at 40° for 15 days seed deterioration was evidenced by reduced germination. 

The seed placed at 50° C and 100 percent relative humidity were sampled and germination 
tests run at daily intervals. For the first 3 days of sampling the seed germinated normally; 
after 4 days there was reduced germination at low temperatures; after 5 days there was re- 
duced germination at all temperatures, and there was practically no germination of the sixth 
day sampling at any temperature. Seven days at 50° completely deteriorated the seed in this 
test. Attempts were made to find a rapid means of measuring the degree of deterioration 
which would closely parallel the laboratory germination results. | The turbidity of the liquid 
where seed were held overnight in distilled water was relatively proportional to the amount of 
deterioration. However, the use of differences in turbidity had limitations in this test because 
slight differences in deterioration could not be distinguished. The refractive index of the liq- 
uid surrounding the seed and pH differences were also measured in an effort to distinguish be- 


tween samples of different degrees of deterioration, but accurate separation could not be made, 


| Permeability of the protoplast to electrolytes may be measured by the conductivity of distilled 

water leachings. The healthy protoplast allows only small quantities of electrolytes to leach 
through its membranes. Injury results in changes within the protoplast which alter the semi- 
permeable properties of its membranes. Thus the seed with different degrees of injury or 
deterioration may be detected by differences in conductivity of distilled water leachings. 

Weighed amounts of seed were soaked in measured volumes of distilled water for varying 
periods of time ranging from 15 minutes to 24 hours at room temperature and at 50° C. Seed 
of high viability consistently gave high resistance readings while seed of varying degrees of 
deterioration gave decreasing resistance readings commensurate with the degree of deteriora- 
tion. This method of checking seed viability is extremely rapid, with fairly accurate meas- 
ures of differences being possible after 15 minutes of soaking in distilled water at 50° C. 
Laboratory germination tests of the different samples of seed showed the viability to be in the 
same relative order as the conductivity readings. 

One striking feature in the laboratory germination of cotton seed is that fungus growth 
is absent from vigorously-germinating seed with high resistance readings but is progressively 
more abundant and earlier in appearance on seed that are progressively more deteriorated and 
with relatively low resistance readings. Since fungus growth is more abundant where seed 
deterioration is greater, it appeared probable that seed of low vitality in a heterogeneous 
seed lot would actually stimulate microbial growth in the soil and thus increase the seedling 
disease hazard. In actual tests this proved to be the case. Therefore, seed of poor viability 
and low conductivity readings may be considered as predisposed to seedling disease, 

Although the present discussion deals with tests on cottonseed, asimilar technique may be 
applicable to various of the other oil seed crops such as castor bean, soybean, peanuts, and 
safflower. 


CROPS RESEARCH DIVISION, AGRICULTURAL RESEARCH SERVICE, UNITED STATES 
DEPARTMENT OF AGRICULTURE 


I Plant Pathologist, Crops ResearchDivision, Agricultural ResearchService, United States 
Department of Agriculture, 
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THE INCIDENCE OF PANAMA DISEASE OF BANANA IN THE PRESENCE 
OF THE ROOT KNOT AND THE BURROWING NEMATODES 
(MELOIDOGYNE AND RADOPHOLUS) 


A. G. Newhall 


Summary 


In one experiment which ran for 4 months at Changuinola, 
Panama, using steamed soil heavily infested with Fusarium oxy- 
sporum f. cubense, over 100 percent more Gros Michel banana 
plants came down with Panama disease when Radopholus similis 
was added to the soil, The addition of Meloidogyne sp. caused no 
increase in the disease during this period of time. 


INTRODUCTION 


Panama disease has been the most destructive disease of bananas in Central America for 
some time. Mr. Clive Loos! has recently shown that two nematodes are very prevalent in one 
area of Panama: the root-knot nematode, Meloidogyne arenaria and M, incognita acrita; and 
the burrowing nematode, Radopholus similis. The latter has been found on a large proportion 
of the local seed pieces used to replant flood-fallowed lakes and on seed from Jamaica, 

The relation of certain nematodes to the Fusarium wilt of cotton, okra, tomato, and other 
crops is well known, The bad history of Panama disease, recurring quickly after flood fallow- 
ing, where nematode-infested seed was presumably employed, suggested that early initiation 
and severity of Panama disease might also be influenced by the presence of one or the other of 


the above nematodes, If so, it would have a bearing on the future treatment of planting mate- 
rial to be used in flood -fallowed areas. 


PROCEDURE 


In July 1957 a series of concrete drainage tubes 3 feet in diameter and 3 feet deep were 
filled with local top soil and steamed by the New Zealand spike tooth-inverted pan method until 
the temperature at 2-foot depth reached 80° C. Each tube was then planted with five small, 
closely trimmed and hot water-treated banana seed pieces, Two weeks after planting the plots, 


which were arranged in a random manner, they were inoculated as follows, there being six 
replicates of each treatment, 


Treatment I Control 
Il Fusarium oxysporum f. cubense (cornmeal-sand culture) 
III Meloidogyne (mixed culture) 
IV Meloidogyne plus Fusarium 
V Radopholus similis 
VI Radopholus plus Fusarium 


The Fusarium inoculum, a cornmeal-sand culture 6 weeks old, containing over five mil- 
lion spores per gram, was sprinkled in a circle around each of the five plants at the rate of 2 
pounds on a 7-square-foot plot, It was watered in and mulched with fumigated sawdust. Care 
was taken not to disturb the young roots in any way. Distribution and penetration through soil 
cracks were probably very irregular, so that spores per unit volume of soil could mean little. 

The root-knot inoculum consisted of chopped, Meloidogyne-infected roots of tomatoes 
grown in soil from around mats of bananas, plus similar roots of tomato and okra found heavily 
infected in three local gardens. This inoculum was mixed with fumigated sawdust, dried down 
for 2 weeks and used at the rate of two shovelfuls to the plot, spread on top and mulched with 
more wet sawdust, This amount of inoculum may have been inadequate, as knots were not 
particularly abundant after 3 months. 

The burrowing nematode inoculum consisted of selected nematode lesions trimmed from 
freshly dug seed pieces heavily infected with this nema. The seed came from an area where 
Panama disease is not yet prevalent. About 35 grams of this hand-chopped material was 


1 Loos, Clive, Plant parasitic nematodes and their associationwith bananas. United Fruit Co. 
Res, Dept. Res. Ext. News Letter 4(4): 8-16. October 1957. 
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Table 1. Results by plots. Number of replicates with nematode-infected 
and Panama-diseased plants, 


Plots with Plots with Plots with a 

Treatments Meloidogyne Radopholus Panama disease 
I None 0 0 oa 
II Fusarium only 0 
III Meloidogyne only 5 
IV Meloidogyne plus 4 0 2 
Fusarium 

Radopholus only 0 6 0 
VI Radopholus plus 0 6 6 


Fusarium 


* Only five replicates, others six. Hy 


Table 2, Summary of results by total number of surviving plants infected 
in each treatment. 


Total Plants with Plants with Plants with 
Treatments plants Meloidogyne _ Radopholus Panama disease 
I None 14 0 0 0 
II Fusarium 13 0 0 5 
III Meloidogyne 16 10 0 0. 
IV Meloidogyne plus 15 7 0 
Fusarium 
Radopholus 14 0 14 0 
VI Radopholus plus 16 0 15 13 ' 
Fusarium 


Table 3. Extent of Radopholus root infections 11 weeks after inoculation of 


the soil, 
Uninoculated plants Inoculated plants 
Per cent Number with Per cent 
Roots/plant affected Roots/plant -Radopho lus affected 
28 0 63 24 38 
69 0 83 32 39 
75 0 a7 a5 40 
44 0 44 39 40 
96 0 85 41 48 
62 0 52 30 58 
59 0 103 73 75 i 
53 122 96 79 
84 0 101 82 81 
37 0 51 43 84 é 
72 0 112 99 89 ; 
80 0 45 95 
51 0 42 42 100 f 
93 0 
Mean 64.6 0 72.3 50.0 70.1 


- 


FIGURE 1. Yellowing of outer leaves and cracking of outer sheaths 
of the pseudostem are pronounced on diseased plant at left. 


FIGURE 2. Discoloration at base of new rhizome 14 weeks after 
planting the original. 


Vol. 42, No, 7--PLANT DISEASE REPORTER--July 15, 1958 855 
| 


856 Vol. 42, No. 7--PLANT DISEASE REPORTER--July 15, 1958 
spread in a circle around each plant and a layer of sawdust added and drenched. 
RESULTS 


Five seeds had been sown in each plot August 23, but by October 6 nearly 45 percent had died of a 
bacterial "head rot" disease and had beenreplaced. The experiment thenran for 2 months more 
without any replacements, as this could no longer be done safely without danger of root injury. One 
plot inseriesI and another inseries IIhadnosurvivors. Ofthe original plants surviving, in Fusar- 
ium -inoculated plots 52 percent developed Panama disease, while 43 percent of the replants inthe 
same plots didso, indicating that the experiment ran long enough for replants to become infected. 

In December all plants were dug up, washed, and the roots examined one at a time, many 
under the microscope, and many cultures from roots andrhizomes were made. Results are 
summarized in the first two tables. 

Panama-diseased plants were found only in plots receiving Fusarium inoculum, From chi 
square analysis® it can be concluded the difference in number of plants developing Panama 
disease where Radopholus was added, compared with all others, is very highly significant, 

The extent of the damage done by Radopholus similis to roots in steamed soil in 2. months' 
time was very impressive. Truly, here is a pest of considerable destructive capacity. Table 
3 illustrates the proportion of more or less heavily infected roots that were found on a number 
of the plants in this short period of association together. Many of these roots had lesions that 
were so extensive and so close to the rhizome as to render them doubtful of much longer value 
to the plant. Several young rhizomes had 1/4 inch deep distinct lesions filled with active nemas. 


DISCUSSION 


In the presence of the same amount of inoculum of Fusarium oxysporum f. cubense, enough 
to cause 38 percent of Gros Michel banana plants to develop symptoms in 3 months, the root- 
knot nematode, Meloidogyne sp., did not measurably increase the amount of disease. But the 
presence of the burrowing nematode, Radopholus similis, caused twice as many plants to 
develop symptoms. These symptoms consisted of splitting of outer leaf sheaths, yellowing of 
outer leaves, vascular discoloration, reddish-brown discoloration inside at the base of the new 
rhizome, and stunting of the plants (Fig. 1). Fusarium was isolated frequently from sheaths 
and rhizomes, but not always (Fig. 2). 

This short experiment does not necessarily give the root-knot nematode a clean bill of 
health, With a greater amount of inoculum, or over a longer period of time, Meloidogyne 
might show some effect, but for the time being Radopholus is the more important of the two, 
Perhaps the reason for this is that Meloidogyne seems to spend most of its time inside the root, 
completely covered up; at worst, it is a rather mild parasite, Radopholus, however, in feed- 
ing on the cortex all the way to the stele, creates large lesions in which other secondary micro- 
organisms help destroy the cortical tissue and thus very probably expose the stele to invasion 
by Fusarium oxysporum, Experiments involving seed treatments to eliminate Radopholus are 
in order and, if successful, will probably also eliminate Meloidogyne from seed. 

It should be pointed out that in the absence of nematodes the fungus is still able to enter 
roots and cause some disease symptoms in 2 or 3 months. Over a long enough period of time 
perhaps all plants would become diseased, for the fungus is not wholly dependent on Radopholus 
for entry. 

Evidence was secured, by splitting all rhizomes, to support the theory that at least one 
important avenue of entrance for the fungus to the new rhizome is through the old one. Roots 
from the top of the old seed piece may become infected before the new daughter rhizome de- 
velops or sends out many roots of its own. This infection almost invariably seems to travel 
up through the connection between mother and daughter rhizome, This fact in no way reduces 
the urgency for lowering the inoculum potential in the vicinity of the seed piece before or at the 
time of planting. It indicates that early infections in newly planted flood fallowed areas may 
be the result of planting infected or inoculum-carrying seed pieces, thus pointing to the wisdom 
of seed treatment experiments. 

There was no indication that head rot in any way increased Panama disease, or vice versa, 
Field evidence from another experiment also supports this belief thai the two are completely 
independent, 

CORNELL UNIVERSITY, ITHACA, NEW YORK. (Work done while on leave from Cornell 
University) 

- Author gladly acknowledges assistance of Dr, Mario Gutierrez G., of the Inter-American Institute 
of Agr. Sci., Turrialba, C. R., in the statistical analysis. 
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APPLICATION OF EMULSIFIABLE DIBROMOCHLOROPROPANE IN 
IRRIGATION WATER AS A PREPLANTING SOIL TREATMENT! 


John H. O'Bannon” 
Abstract 


A method of applying emulsifiable dibromochloropropane in 
irrigation water as a preplanting treatment on nematode-infested 
cotton land was tested. Distribution and penetration were evalu- 
ated by use of the onion test for detecting bromine, and found to be 
reasonably uniform over rows 1250 feet long to a depth of at least 
12 inches. 


In the Southwest where irrigation is used extensively, water application has proved satis- 
factory for certain types of chemicals, such as fertilizers and soil conditioners. Tests con- 
ducted in irrigated citrus groves in Arizona? applying an emulsifiable compound (1,2-dibromo- 
3-chloropropane*) in water showed excellent control of the citrus nematode. 

Nematode-infested cotton land in the Southwest normally is treated by broadcast or row 
injection of nematocides, using tractor-drawn equipment. Under most conditions this method 
of application results in good nematode control, but under some circumstances there are cer- 
tain difficulties that may be avoided with water application. 

An experiment was initiated on a field to be planted to cotton to study distribution and 
penetration of an emulsifiable DBCP formulation in row irrigation. The field receiving treat- 
ment was found to be infested with the cotton root-knot nematode, Meloidogyne incognita acrita 
Chitwood; the meadow or root-lesion hematode, Pratylenchus brachyurus (Godfrey) Goodey; 
and a stylet nematode, Tylenchorhynchus sp. 


MATERIALS AND METHODS 


Soil of the field was a sandy loam containing coarse textured granitic aggregate Seed 
beds were on 38-inch centers and rows were 1250 feet long. Water entered the rows by means 
of siphon tubes from a concrete-lined irrigation head ditch. The soil at time of treatment was 
moderately moist, having received a preplanting irrigation 3 weeks prior to application. Soil 
temperature at the 6-inch depth at time of application was 62° F. The rows were lightly 
harrowed prior to treatment. 

An emulsifiable concentrate of DBCP® was applied at the rate of 1 gallon active ingredient 

per acre. Application was made using a 4000 gallon per hour engine-driven centrifugal pump. 
The DBCP was metered through a drilled orifice from a constant head vessel into the inlet 
side of the centrifugal pump§ which diverted a small portion of water from the head ditch 
through the pump and discharged the DBCP water emulsion back into the ditch (Figure 1). 
This method resulted in uniform distribution of chemical in the water before it was siphoned 
into the rows using one 2-inch siphon tube per row (Figure 2). Eleven rows or about 1 acre at 
a time were treated in this manner. Four hours were required to complete the irrigation. 

The primary purpose of this experiment was to study distribution and penetration of the 


DBCP formulation when applied in this manner to determine if it was distributed evenly over 
a large area. 


1 Cooperative Investigations of the Crops Research Division, Agricultural Research Service, United 
States Department of Agriculture and the Arizona Agricultural Experiment Station. 

2Nematologist, Crops Research Division, Agricultural Research Service, United States Department 
of Agriculture, Tempe, Arizona. 

3 Unpublished data. 

4Hereafter referred toas DBCP. 

5 Kindly furnished by the Shell Chemical Corporation under the trademark name ''Nemagon EC-2." 
Active ingredient 1,2-dibromo-3-chloropropane. Nemagon EC -2 contains 2 quarts (8. 6 pounds) 
active ingredient per gallon in an emulsifiable concentrate. 

6Method suggested by Shell Development Company, Modesto, California. 
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FIGURE 1. Constant head vessel and centrifugal pump used in metering DBCP 
into irrigation water. 


FIGURE 2. Row treatment method with emulsifiable DBCP in irrigation water. 
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To determine this, the oniontest for detecting bromine in soil’ was utilized. This test 
consists of placing treated soil and onion seed in small containers and immediately sealing to 
prevent loss of chemical. Soil should be sufficiently moist for seed germination. Containers 
are stored for 1 week at approximately 70° F. After this exposure the seedlings are recover- 
ed, germination percentage is determined, and length of primary roots is measured. Un- 
treated controls are included to determine the degree of root suppression by the chemical. 

Three days following treatment, soil samples were taken from the upper, middle and 
lower parts of the field at 6 and 12 inch depths in treated and untreated soil and placed in half- 
pint glass containers with 10 onion seeds” added to each container at time of filling. The con- 
tainers were stored at room temperature for 1 week, after which the ungerminated seed and 


seedlings were recovered. Germination percentages were determined and radicle length of 
each seedling was measured. 


RESULTS 


Percent germination and average radicle lengths are presented in Table 1. Lowest per- 
centage germination occurred in the upper and middle thirds of the field at the 6-inch depth, 
but the average reduction in radicle lengths indicates that distribution of the chemical was 
rather uniform throughout the treated area, with some variation between the 6- and 12-inch 
depths and also some indication that penetration was less at the lower end of the field. There 
was sufficient penetration of the chemical at both depths to suppress radicle development 
Significantly in all parts of the treated area. 


Figure 3 shows average roots from the treated and untreated areas at the two depths 
sampled. 


FIGURE 3. Onion root tips, treated and untreated, show- 
ing results of bromine suppression. 


TA technique originated at the Agricultural Laboratory, Shell Development Company, Modesto, 
California. 
8 Australian brown onion seed. 


6" depth (treated) 
i 
a 
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Table 1. Percent germination and average length of root growth of onion seedlings 
used in detecting DBCP in soil samples. 


Location in field : Depth : Percent germination : Average radicle length in mma 


:ininches: Treated : Untreated : Treated : Untreated 
Upper third 6 66. 2 100 2.97 pi Oe f 
12 $7.5 100 6. 27 32.1 
Middle third 6 65.0 100 2.80 2.9 
12 97.5 100 4.72 30.9 
Lower third 6 $2.5 100 5.70 27.8 
12 95.0 100 7.07 29.6 


Average of four treated soil samples and one untreated soil sample at each depth. 


DISCUSSION 


From these findings it is evident that the chemical moves readily with the water and is 
distributed rather evenly wherever the water goes. In applications of this kind the water 
emulsion should be applied at a rate slow enough to obtain adequate capillary movement of 
moisture well up into the seed beds. This is facilitated somewhat if the seed bed is worked 
prior to application to break up any crust or surface seal which may hinder penetration. 
Orifice size for flow regulation is determined by size of the water head, length of run, slope 
of land, moisture content, and soil texture. Best results are obtained and excessive runoff 
is prevented if the chemical is metered in the water at a rate which corresponds to the time 
required for irrigating the rows. 


CROPS RESEARCH DIVISION, AGRICULTURAL RESEARCH SERVICE, UNITED STATES 
DEPARTMENT OF AGRICULTURE AND THE ARIZONA AGRICULTURAL EXPERIMENT 
STATION 
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CONTROL BY SOIL FUMIGATION OF ROOT-KNOT NEMATODES AFFECTING 
SUGAR BEET PRODUCTION IN CALIFORNIA 


Bert Lear and D. J. Raski 


Summary 


Soil fumigation experiments to control root-knot nematodes on 
sugar beets were conducted on sandy soils in the Sacramento and 
San Joaquin Valleys of California. Broadcast applications of D-D, 
EDB, Telone, and Nemagon resulted in good root-knot nematode 
control and increased sugar yields. On the basis of nematode con- 
trol, Telone appears more effective than equal volumes of D-D. 
Inconclusive results were obtained from yield data. Row treat- 
ments in one plot indicate that D-D at 8 gallons per acre is the 
lower limit for economic root-knot nematode control. Row treat- 
ments with Nemagon at 0. 4 gallons per acre and Telone at 4 gal- 
lons per acre were not as effective as broadcast applications. In 
one experiment a significant decrease in percentage sucrose of 
sugar beets resulted from application of Nemagon at 1 gallon per 
acre. 


In addition to losses in sugar beet production in California caused by the sugar beet nema- 
tode, Heterodera schachtii, losses due to root-knot nematodes, Meloidogyne incognita acrita, 
often are widespread. This is especially true for sugar beets grown on the lighter, sandier 
soils of the southern part of the San Joaquin Valley where sugar beets frequently are grown as 
alternate crops on cotton lands. Root-knot damage also may be severe in areas of the Sacra- 
mento Valley. While there is no soil treatment recommended as economically feasible for 
control of the sugar beet nematode, economic treatments are available for control of root-knot 
nematodes on most row crops, especially those grown on lighter soils. The development of 
row-placement applications has permitted use of soil fumigants on a variety of row crops. 
Experimental sites were selected in each of the two areas discussed for applications, by broad- 


cast androw, of soil fumigants to determine the feasibility of their use in sugar beet produc- 
tion. , 


MATERIALS AND METHODS 


D-D (1,3-dichloropropene and 1,2-dichloropropane); Telone (95% 1,3-dichloropropene); 
Nemagon (1,2-dibromo-3-chloropropane) and Soilfume 83 (83% ethylene dibromide by weight) were 
applied as broadcast and row applications to experimental sugar beet plots for control of Mel- 
oidogyne incognita acrita. Applications were made by chisel, 8 inches deep in rows 12 inches 
apart for the broadcast or area applications. Row applications were made with a single chisel 
per bed. All treatments were followed by cultipacking immediately after application of the 
fumigants. Treatment efficacies were evaluated by growing tomato plants in soil samples re- 
moved by soil tube to a depth of 18 inches to obtain root-knot gall counts. Beet roots also were 
scored for nematode damage at time of harvest and yield records were obtained. 

One plot was established in Kern County on the property of Porter Land Company!. Treat- 
ments were made January 8 to 10, 1957 when soil temperatures varied between 38° and 45° F. 
Soil moisture for this sandy soil varied between 3. 67 and 5.46 percent. Four replicate plots 
each containing four single-row beds, 10 feet wide and 660 feet long, were used for each treat- 
ment. Applications were hindered by trash of old cotton stalks and roots. Before the broad- 
cast applications it was necessary to make preliminary dry runs through the plots with the 
chisels in the ground to remove this trash. Some of the beds were also disturbed by trash ac- 


I Thanks are due Vernon E. BurtonandGeorge V. Ferry, Farm Advisors, University of California 
Agricultural Extension Service, Kern County, for their cooperation on this plot. 
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Table 1. Root-knot gall counts from tomato plants grown in soil samples from 
plot treated for control of Meloidogyne incognita acrita on sugar 
beets. Porter Land Company, Lamont, California. 


: Dosage : Mean number galls per tomato plant grown in 250 cc 
Treatment : (gallons : soil samples removed at following depths 
: per acre): 0-6 inches : 6-12 inches: 12-18 inches 
Check - 220 116 190 
D-D 20 0 0 0 
D-D 8 (row) 0 : 5 
D-D 4 (row) 45 74 22 
Telone 15 0 0 0 
Telone 4 (row) 1 | 11 1 
Telone 2 (row) 45 111 82 
Nemagon 1 0 0 0 
Nemagon 0.4 (row) 2 5 26 


Table 2. Summary of sugar beet yields and root-knot nematode control from soil fumigation 
plot. Porter Land Company, Lamont, California. 


: : : Total : Mean : 
Dosage : : Mean : Sucrose : Sucrose : root : Root-knot 
Treatment: (gallons : Type : beet yields : content: (tons : score: control 


: per acre): application: (tons per acre): (percent): per acre): (0 to 4): (percent) 


Check - - 1.74 8. 80 6.15 3.61 0 
D-D 20 area 25.56 12.07 3.20 0.08 98 
Telone 15 area 23.73 12. 90 3.06 0.71 80 
Nemagon 1 area 23.32 11.75 2.74 0.09 98 
D-D 8 row 19.20 12. 36 2.37 0. 62 83 
Nemagon 0.4 row 15.39 11.08 1.70 2.21 67 
Telone 4 row 10.70 11.06 4.78 2. 08 42 
D-D 4 row 1.%9 10. 53 0.82 2.47 32 
Telone 2 row §.31 9.97 0.53 23 
BD. et 19:1 5.33 1. 67 


oo 


L.S.D. at 99:1 7.20 2. 26 0.84 


cumulating on the chisels, so the beds were reshaped immediately following application. 

Sugar beet seeds were sowed 3 weeks after treatment. Soil samples were taken on May 15, 
1957 from six locations in each plot, three samples from each of the two center rows begin- 
ning 100 feet from the end of the plot and thereafter at 50-foot intervals. Yields were obtained 
September 17 by hand harvesting 100-foot sections of the two center rows of each plot. Beet 
roots were scored on the range 0 to 4 relative to the degree of root-knot damage. 

The second plot was established on property of Spreckels Sugar Company“, Woodland, 
California. Treatments were made January 25 to 28, 1957 to sandy loam with four replicate 
plots being used for each treatment. Plots were three double-row beds, 10 feet wide and 75 
feet long. Soil temperatures were 38° to 45° F. Sugar beet seeds. were sowed 1 month after 
treatment and soil samples were removed 4 months later. Yields were obtained September 25 
by hand harvesting the center bed (2 rows) of each plot. Each beet root also was scored for 


2 Thanks are due Mr. L. M. Burtch, Spreckels Sugar Co. , for his cooperation in the conduct of this 
plot. 
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Table 3. Root-knot gall counts from tomato plants grown in soil samples from 
plots fumigated for control of Meloidogyne incognita acrita on sugar 
beets. Spreckels Sugar Company, Woodland, California. 


i Dosage : Mean number galls per tomato plant grown in 300 cc 
r Treatment: (gallons : soil samples removed at following depths 
' per acre) : 0-6 inches : 6-12 inches : 12-18 inches 
Check - 23 99 110 
D-D 30 0 0 
Telone 30 0 2° 15a 
D-D 25 0 62 0 
Telone 25 0 0 0 
D-D 20 0 26 52 
Telone 20 208 0 
D-D 15 30 101 79 
Telone 15 0 0 5@ 
D-D 10 15 107 74 
Telone 10 2 48 45 
Nemagon 1 5 114 131 
Soilfume 83 6 6 22 77 


@ Nematode gall counts obtained in one replication only. 


Table 4. Summary of sugar beet yields and root-knot nematode control from soil fumigation 
plot. Spreckels Sugar Company, Woodland, California. 


Yields : Mean :Mean =: 
Dosage :clean beets: Sucrose : Sucrose : number : root : Nematode 
Treatment : (gallons : (tons per : content : (tons : beets per :score :_ control 
: per acre) : acre) : (percent): per acre) :130 foot row: (0 to4) : (percent) 
Check - 11,13 10.50 ‘ae 119 2. 25 0 
Telone 30 27. 48 10. 45 2. 87 192 0 100 
D-D 30 24. 95 10. 48 2. 61 204 0 100 
Telone 25 27. 06 10. 60 2.85 194 J. 02 99 
Telone 20 24.06 9.95 2.41 185 0.04 98 
Telone 15 23.97 10. 60 2.55 190 0.05 98 
E D-D 25 22. 83 11.08 2.53 180 0. 17 93 
' D-D 20 22.73 10.75 2.44 176 0.36 84 
i Soilfume 83 6 15. 40 10. 63 1. 64 172 0. 45 80 
D-D 15 19. 88 10.73 2.13 176 0.95 58 
Telone 10 18.90 10. 30 1.95 184 0.99 56 
Nemagon 1 15.20 8. 98 1. 36 171 1. 03 54 
t D-D 10 13. 92 9.78 1.36 180 1.80 20 
é L.S.D. at 19:1 6. 22 0. 97 0.56 46 0.74 
i L.S.D. at 99:1 8. 62 - 0.75 61 0.99 
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nematode damage on the scale of 0 to 4. 
RESULTS 


From the Kern County plot, gall counts (Table 1) and root scores and yields (Table 2) 
indicate that area or broadcast applications of D-D, Telone and Nemagon are more effective 
than row applications, at the dosages applied. Obviously, the dosages used for row applica- 
tions of Telone and D-D were too low. The 8-gallon dosage for D-D appears to be the lower 
limit for a row application for this material. Increasing the dosage to 10 or 12 gallons would 
have resulted in better nematode control. Statistically significant increases in percentage 
sucrose in beets grown on treated plots were obtained in addition to increased beet yields. 
The most striking observation made on this plot was the sudden collapse of sugar beets on the 
untneated check areas following the last irrigation in late summer prior to harvest (Figure 1). 


FIGURE 1. A typical check 
plot, four center rows, showing 
collapse of sugar beets. The 
areas on either side were fumi- 
gated. 


On the Woodland plot, Telone and D-D gave good nematode control and excellent yields. 
Gall counts (Table 3) indicate that Telone is more effective than equal volumes of D-D. Data 
from beet and sugar yields are not as conclusive. The exact dosage ratio of these two mate- 
rials necessary for satisfactory nematode control has yet to be determined. The poor perfor- 
mance of Nemagon at 1 gallon per acre is difficult to explain. There was a significant de- 
crease in sucrose percentage for beets grown on Nemagon-treated plots compared with all 
other treatments, including check (Table 4). There may have been some chemical phytotox- 
icity from this fumigant, since there were no significant differences in number of beets per 
plot, as compared with other treatments. 


DISCUSSION 


The increased yields of sugar beets and total sugar on those plots receiving pre-planting 
applications of soil fumigants indicate that the cost of such treatments would fit into the pro- 
duction schedule for this crop. The proper dosage applied as row-placement certainly will 
decrease treatment costs so that soil fumigation will fit into the cultural operations of many 
additional growers. Introduction of the commercial product, Telone, containing 95% 1,3-di- 
chloropropene -- the most active ingredient of D-D -- suggests that this fumigant may be used 
at about 50 percent the dosage of D-D. D-D usually contains about 50 percent of this active 
ingredient. However, on the basis of data for nematode control, it appears that a higher ratio 
is required. 

The complete collapse of sugar beets on the untreated areas of the Kern County plot fol- 
lowing the last irrigation of the season suggests a relationship between root-knot nematodes 
and root rotting organisms. The rapidity with which the beets collapsed indicates that organ- 
isms other than nematodes were responsible for the actual rotting. This condition was not 
as serious on plots where there was some degree of nematode control, such as in the lower 
dosages of the row applications. 
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HOST-PARASITE RELATIONSHIPS OF THE PIN NEMATODE, 
PARATYLENCHUS PROJECTUS, ON TOBACCO AND TALL FESCUE! 


B. W. Coursen and W. R. Jenkins? 
Abstract 


Paratylenchus projectus Jenkins 1956 was originally dis- 
covered associated with a decline of pasture grasses. Tobacco 
had been abandoned as a crop in this field owing to low yields. 
Tests were conducted to study the host-parasite relationships of 
P. projectus with tobacco variety Catterton and the tall fescue 
variety Kentucky 31. 

General effects on tobacco of 1000, 5000, and 10,000 nema- 
todes used as inoculum were a stunting of top growth and short- 
ening of internodes, Characteristic large, lateral roots were 
lacking on inoculated plants. Root proliferation was marked, 
causing an increase in dry weight of roots. Stunting and in- 
creased root weight also resulted following similar inoculations 
on tall fescue. In addition, tillering was increased, Upon 
microscopic examination no visible evidence of feeding was 
observed on the roots of either host. 


Small initial populations increased at a more rapid rate than 
larger ones. 


Members of the genus Paratylenchus Micoletsky 1921 have frequently been reported 
associated with roots of higher plants. Several species have been associated with the decline 
of vegetable and field crops (2, 6), but only one species, P. hamatus Thorne and Allen 1950, 
has been proved a plant pathogen (5). Linford et al. (4) found that pineapple supported large 
populations of P. minutus Linford 1949, but no pathogenic effects were observed. P.projectus 
Jenkins 1956 was originally discovered about roots of pasture grasses which had shown 
symptoms of decline (3). However, its pathogenicity was not demonstrated. 

This paper describes investigations on the effects of P. projectus on the growth of plants 
and the population dynamics of this nematode on tobacco and tall fescue. 


MATERIALS AND METHODS 


The population of P. projectus used in these investigations was obtained from a culture 
maintained in the University of Maryland greenhouses on tall fescue variety Kentucky 31. 
Inoculum was prepared by extracting nematodes from the soil by the method of Christie and 
Perry (1) and removing other stylet-bearing species by separation under a stereomicroscope, 
No attempt was made to free the inoculum completely of saprophagus forms, although their 
number was kept low. 

Seed of the tobacco variety Catterton and tall fescue variety Kentucky 31 were each placed 
in 21/2-inch diameter clay pots filed with steam-sterilized sandy loam soil, After germi- 
nation, seedlings were thinned to one per pot, When tobacco seedlings were 4 days old and 
tall fescue seedlings 2 days old, the soil about the roots was inoculated by pipetting anematode- 
water suspension into holes in the soil near the base of the stem. The test consisted of four 
treatments; 15 plant replications inoculated with aliquot parts containing 1000 nematodes each, 
15 with 5000 nematodes each, 15 with 10,000 nematodes each, and 15 with supernatant liquid 
in which the nematodes had been stored. 

Replications were placed on benches in the greenhouse where night temperature was main- 
tained at 75° F. Day length was extended when necessary to approximately 14 hours by using 
incandescent lamps, 


1 ContributionNo, 2914, Scientific Article No, A692, of the Maryland Agricultural Experiment 
Station, Department of Botany. 
2 Graduate Assistant andAssistant Professor, respectively. 
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Five replicates from each treatment were removed at 1-month intervals for 3 months 
after inoculation. Each replication was processed by the method of Christie and Perry (1). 
After 3 days the nematodes were drawn off the Baermann funnels, brought to a standard 
volume, and aliquots were counted to determine population, 

Height of the aboveground portions of plants and dry-weight for the belowground portions 
were determined. The number of tillers on tall fescue were counted at the 3-month exami- 
nation, Any visible pathological effects were recorded. 


RESULTS AND DISCUSSION 


Inoculations of Tobacco Seedlings 


The results observed following soil inoculations about the roots of 4-week-old seedlings 
of tobacco variety Catterton with 1000, 5000, and 10, 000 specimens of P. projectus are pre- 
sented in Figures 1 through 5. 

While only slight differences were noted in average height of all plants 1 and 2 months 
after inoculation (Fig. 1), all treated plants were taller than check plants, The greatest dif- 
ference, 4.5 cm, occurred after 2 months between uninoculated checks and plants inoculated 
with 1000 specimens of P. projectus. Height of inoculated plants increased as inoculum size 
decreased; however, at the end of 3 months, all inoculated plants were shorter than the un- 
treated checks. Plants inoculated with 10,000 nematodes averaged 21 percent shorter than 
checks while plants inoculated with 5000 and 1000 nematodes were only 10 percent and 2 per- 
cent shorter, respectively. 

Marked differences in root weight between inoculated and check plants were not evident 
after 1 month (Fig. 2). After 2 months root systems of plants inoculated with 1000 nematodes 
weighed an average of 13 percent more than check-plant root systems. After 3 months root 
systems of all inoculated plants were heavier than those of uninoculated plants. 

The number of P. projectus collected in each treatment after 1 month was smaller than 
the number originally contained in the inoculum (Fig. 3). This reduction in number was prob- 
ably due to loss while inoculating and to the loss in recovering nematodes from the soil. After 
2 and 3 months there were marked population increases in all treatments. 

In general, effects of P. projectus on growth of tobacco after 3 months were a stunting of 
the top growth, reduction in length of internodes, and a marked increase in the size of the root 
system (Figs. 4 and 5). Root systems of inoculated plants were unusually clean and white in 
appearance and exhibited a high degree of proliferation. Large, lateral roots characteristic 
of tobacco were not as prominent on inoculated plants and did not develop to the length of those 
typically associated with tobacco. No other symptoms were noted, nor, upon microscopic 
examination of parasitized roots, was there any evidence of feeding, 

There was a positive correlation after 2 months between increase in height and increase 
in root growth on those plants inoculated with 1000 nematodes. Stimulation of the aboveground 
portion was probably the result of increased root proliferation, Size of the inoculum was 
probably an important factor, the smaller number of nematodes apparently initiating a greater 
amount of root proliferation while increasing the height of the aboveground portions, 

Population increases over the 3-month period were marked, Apparently population growth 
was dependent upon the available root supply. Small numbers of nematodes tended to increase 
at a more rapid rate than large numbers, When populations reached substantial proportions 
on a root system, food probably became a limiting factor, resulting in a slower rate of in- 
crease. This possibility was indicated when the 5000 and 10, 000 inoculum levels reached 
approximately the same population size at 3 months. If the tests had been continued, rapid 
population increases exhibited by the 1000 inoculum level possibly would have been maintained 
until all treatments developed nearly the same population size, 


Inoculations of Tall Fescue Seedlings 


Results observed following inoculations of 4-week-old seedlings of tall fescue variety 
Kentucky 31 with 1000, 5000, and 10,000 specimens of P. projectus are summarized in Figures 
6 through 11. 

After 1 month treated plants were shorter than checks (Fig. 6). After 2 months there was 
no marked difference between any of the inoculations, but all were taller than the checks, At 
3 months, those plants inoculated with 5000 and 10, 000 nematodes were markedly shorter than 
the uninoculated checks, 
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FIGURE 1. Total growth in 
height of 4-week-old tobacco seed- 
lings 1, 2, and 3 months after inocu- 
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sol FIGURE 6, Total growth in height 
(i000) of 4-week-old tall fescue seedlings 1, 
2, and 3 months after inoculation with 
0, 1000, 5000 and 10, 000 specimens 
| of Paratylenchus projectus, Values 
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FIGURE 9. Populations of 
Paratylenchus projectus recovered 


1, 2, and 3 months following inocu- 
lations of 4-week-old tall fescue 
seedlings with 0, 1000, 5000, and 
10, 000 individuals. Values repre- 
sent a mean of five replicates, 


AVG. NUMBER OF 
NEMATODES RECOVERED 


FIGURE 8. Tillers produced by 
tall fescue seedlings 3 months after 
inoculation with 0 and 10, 000 speci- 
mens of Paratylenchus projectus, 
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Increases in root weight of all inoculated plants were evident (Fig. 7). After 3 months 
plants inoculated with 1000 specimens of P. projectus had root systems 109 percent greater 
in weight than the checks, 

The average number of tillers produced on plants inoculated with 1000, 5000, and 10, 000 
nematodes was 17, 16, and 20, respectively. Check plants produced an average of only 13 
tillers (Fig. 8). 

Population increases on tall fescue were essentially the same as those observed on to- 
bacco (Fig. 9). Again, the rapid increases indicated that all population size would ultimately 
have the same density. However, it does not appear that food would be a limiting factor, as 
there were only 1000 to 3000 nematodes per gram of roots after 3 months, as compared with 
26, 000 per gram of roots after 1 month in the 10, 000 inoculum treatment. 

In general, the effects of P. projectus on tall fescue were similar to those observed on 
tobacco, A slight stunting effect was evident with an accompanying increase in root prolifer- 
ation (Figs. 10 and 11). Tillering was also increased, No visible symptoms of feeding could 
be found upon microscopic examination of parasitized roots. 
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SCRIBNER'S LESION NEMATODE, A DESTRUCTIVE PARASITE 
OF AMARYLLIS 


J. R. Christie and Wray Birchfield! 


In 1889, Scribner (2) reported a new disease of the Irish potato that he found affecting 
tubers grown in Tennessee, the symptoms of which were distinctly different from those of 
late blight. His detailed description of symptoms includes the following comments. 


"There was very little discoloration of the skin, but over the entire surface, 
particularly on the sides, there were scattered more or less thickly a great number 
of little pimples, each surrounded by a slight depression. In the potatoes but 
slightly affected, these pimples were scarcely evident, and might easily be over- 
looked; but in other samples, even before they had lost any of their original firm- 
ness of dimensions, they were strongly marked and one could not fail to notice 
them. In advanced stages, the pimples with their depressed borders occupied the 
entire surface of the much shrunken tubers, being separated only by a thin and 
sharp fold in the now thoroughly dry skin." 


The damage was for the most part superficial, not extending deeply into the tuber. 

Scribner concluded that a soil-inhabiting nematode, found in large numbers scattered 
through the affected potato tissues, was the cause of the disease. He suggested that this 
nematode probably came into this locality in seed potatoes. He did not identify the species 
but his drawings clearly indicate that it was a lesion nematode of the genus known today as 
Pratylenchus. 

In 1917, Cobb (1) described what he regarded as a new nematode and named it Tylenchus 
penetrans. Cobb based his description on specimens obtained from various sources, viz., 
roots of violets from New York, roots of camphor trees from Florida, roots of cotton from 
North Carolina and Georgia, and potato tubers from Michigan. Cobb's description introduced 
confusion into the nomenclature, because subsequent investigation disclosed that two species 
were included. The male he described was one species; the female was a different species. 
The matter was adjusted by applying Cobb's name, now known as Pratylenchus penetrans, to 
the male. The female described by Cobb is believed to be the species previously observed by Scrib- 
ner infecting potatoes in Tennessee. Steiner, in Sherbakoff and Stanley (3), named this species 
Pratylenchus scribneri. Although this nematode may injure and disfigure potato tubers, 
sometimes quite severely, the damage it causes does not appear to be common enough to 
make Pratylenchus scribneri a pest of major importance on potatoes. On the other hand, it is 
a very serious parasite of amaryllis. 

In 1948, an amaryllis bulb grower located near Maitland, Florida complained that his 
plants were not making satisfactory growth. After newly propagated bulbs had been set in the 
field, the plants might make a fair growth the first year but thereafter gradually declined in 
vigor. Even when grown for 3 years the bulbs rarely attained the size needed to sell ata 
profitable price. During the third year the bulbs might even decrease in size owing to slough- 
ing off of the outer scales. Upon examination it was found that the roots of nearly all the 
plants were infected with Scribner's lesion nematode. 

The nematodes penetrate the root epidermis of amaryllis, establishing centers or nests 
several layers deep in the cortical parenchyma (Fig. 2). These centers or nests produce the 
first evidence of injury, the appearance of small, red spots on the roots. Eggs are deposited 
in large numbers within the tissue and thus the life cycle is completed within the host, where 
all stages may be found. The life activities within the roots cause a breakdown of the plant 
cell walls in the vicinity of the inféction, resulting in the formation of definite lesions. 
Lesions vary in diameter from one to several millimeters, and are bright red around the 
margins with a darker red to brownish-red center (Fig. 1). The cell walls in the middle of 
the lesion are completely disorganized. Lesions become larger and more numerous until the 
root and, eventually, the entire root system of the plant is destroyed. As the root system is 
progressively reduced, the plant makes less and less top growth and eventually produces a 
single stunted leaf as a final effort. Nematodes may follow root tissue into the basal plate 
where the roots originate, but the parasites do not appear to penetrate the tissues of the bulb 
-- at least not to any extent. 


1Nematologist, Florida Agricultural Experiment Station and Florida State Plant Board, 
respectively. 
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FIGURE 1. Roots of amaryllis infected with Scribner's lesion nematode. 


Red spots or lesions do not necessarily indicate that the roots are infected with the nema- 
tode. Any kind of injury to amaryllis roots is likely to result ina red lesion. However, the 
presence of red spots followed by progressive disintegration of the root system is evidence 
suggesting the presence of this nematode. 

Like other species of this genus, Scribner's lesion nematode infects many different kinds 
of plants. During the past 3 years the lesion nematode has been collected from the roots of 
several different species of plants growing in widely separated areas in Florida. These col- 
lections are as follows: Blue beech, Carpinus caroliniana Walt., in the Gainesville area; 
chrysanthemum, showing poor root systems and chlorotic foliage, in the Chattahoochee area 
and also in the Jacksonville area; Uniola sp. , showing slight swellings and browning of the 
root tissues, in the vicinity of Fernandina Beach; Manilagrass, Zoysia matrella var. Meyer 
Z-52, and hackberry, Celtis laevigata Willd. , in the Gainesville area. P. scribneri appears 
to be one of the most common of the various species of Pratylenchus that occur in Florida. 
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j FIGURE 2. Longitudinal section through amaryllis root showing nematodes in 
developing lesion. 
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CONTROL OF THE CITRUS NEMATODE, PHYTOPHTHORA SPP. AND WEEDS 
BY MYLONE 85W WHEN APPLIED BY DIFFERENT METHODS 


R. C. Baines, T. A. DeWolfe and R. H. Small! 2 
Summary 


The effectiveness of Mylone 85W for control of the citrus nema- 
tode, Phytophthora spp., and a number of weeds, when applied with 
different amounts of water, was determined in microplots on a sandy 
loam soil. Mylone 85W applied at the rate of 400 pounds of active in- 
gredient per acre in 6- and 8-acre inches of water, and also when 
mixed into the surface soil and irrigated with 6-acre inches of water, 
killed the citrus nematode in the top 4 feet of soil, and Phytophthora 
citrophthora and P. parasitica in the surface 3 feet of soil. When 2- 
or 4-acre inches of water were applied, control was limited to the 
first and second foot of soil. Six weeds were effectively controlled 
when Mylone 85W was mixed into the surface soil and then irrigated 
with 2-acre inches of water, and when it was applied in 2-, 4-, 6-, 
or 8-acre inches of water. Mylone showed good stability in moist 
soil and moved downward when water was applied at periods up to 
72 hours. 


INTRODUCTION 


The efficacy of 3, 5-dimethyltetrahydro-3, 5, 2H-thiadiazine-2-thione (Mylone®) for control 
of a number of soil fungi and root-knot nematodes was reported by Anderson and Guieae (1) 
in 1953. Seinhorst, Bijloo and Klinkenberg (3) reported that the same compound (N-5214) con- 
trolled Hoplolaimus uniformis and Pratylenchus pratensis in the first foot of soil in a field. 
They found it equally effective when mixed into soil by spading, or when raked into the top 2 
inches. Graham (2) obtained effective control of the root-knot nematode and weeds in tobacco 
seed beds by pre-planting treatments with 261 pounds and 871 pounds of Mylone and N-521 per 
acre. Treatments with 261 pounds of the above compounds per acre appeared marginal, since 
some plants were infected with the root-knot nematode. The writers obtained poor-to-excel- 
lent control of the citrus nematode in four field tests made with this compound during 1953 and 
1956. It appeared likely that the amount of water applied affected the control obtained in these 
tests. Therefore, investigations were undertaken to obtain information of the effectiveness of 
Mylone 85W applied with different amounts of water for control of Phytophthora citrophthora, 
P. parasitica, the citrus nematode (Tylenchulus semipenetrans), and anumber of annual weeds. 
The period that Mylone remained mobile in the soil also was explored. 


METHODS 


Field tests were made on a sandy loam soil near Riverside. The soil was free of compacted 
layers and weeds, and the upper 6 to 7 inches were in good tilth. The surface 4 to 5 inches 
of soil were relatively dry at the time of the first tests in June 1957. However, the first foot 
of soil contained 7.2 percent water and the 12- to 48-inch zone 9 percent. Field capacity of 
the soil was between 11 and 12 percent water. The soil temperature was 25°C (77°F) at the 12- 
inch depth and 24°C (75°F) at the 24-inch depth. During the month between treating and sam- 
pling the soil temperature increased slightly. 

Mylone 85W was applied at the rate of 470.6 pounds (400 pounds of active ingredient) per 
acre. It was mixed with sand and broadcast evenly on the surface of half of the plots, roto- 
tilled with a small garden tractor, and then rolled. Metal rings 4 feet indiameter and 12 inches 


1 plant Nematoldgist, Associate Specialist in Plant Pathology, and Technician in Plant Nematology, 
respectively. 


2 The writers are gratefulto M. J. Garber for analysis of the data by statistical methods. 
3 Manufactured by Union Carbide Chemicals Company. 
4 Manufactured by Stauffer Chemical Company. 
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high were driven into the soil on the plots so that they retained water. Then 0-, 2-, 4-, 6-, 
8-, or 10-acre inches of water were applied soon after mixing the Mylone in the soil. Mylone 
also was mixed in different amounts of water and placed in basins on non-treated soil. The 
treatments were randomized in blocks and replicated four times. The soil was naturally in- 
fested with the citrus nematode and Phytophthora fungi and samples were taken with soil tubes 
approximately 1 month after treating. Nematodes were determined by a modification of the 
Baermann funnel method and Phytophthora fungi by placing lemons on wet soil in dishes. Then 
fungi from typical rots were isolated and identified. Data of citrus nematode control is pre- 


sented in Table 1, and of the Phytophthora fungi in Table 2. The number and kinds of weeds on 
the different plots are shown in Table 3. 


Table 1. Efficacy of Mylone 85W for control of the citrus nematode when applied by different 


methods. 
Treat- : : Number of citrus nematode larvae per 
ment : 50 cc of soil from different depths 
number: Treatment (Mylone 85W)* : 0-12 12-24 24-036 36-46 
: : inches inches inches inches 
Non-treated 35 be** 342 134 be 105 b 
2. Mylone rototilled 82c 736 c 339 c 135 b 
3. Mylone - rototilled + 2 inches water Oa 244 ¢ 348 c 165 b 
4. Mylone - rototilled + 4 inches water Oa 104 ab 152 b 34 ab 
5 Mylone - rototilled + 6 inches water Oa Oa Oa Oa 
6. Mylone - rototilled + 8 inches water 4 ab la 0a Oa 
7. Mylone - rototilled + 10 inches water 21 be 26 ab Oa Oa 
8. Non-treated, 6 inches water 23 be 331 c¢ 418 c 129 b 
9. Mylone in 2 inches water 1 ab 332 ¢ 227 c 25 ab 
10. Mylone in 4 inches water Oa 109 be 133 be 19 ab 
ai. Mylone in 6 inches water Oa Oa Oa Oa 
12. Mylone in 8 inches water Oa Oa Oa Oa 
13. Mylone in 10 inches water Oa Oa 13 ab 6 ab 


Mylone 85W was applied at the rate of 470.6 pounds (400 pounds of active ingredient) per 
acre. 

** The letters designate similar groups at the 0.01 level of probability. The probability for 
each sample depth has been calculated separately. 


CONTROL OF NEMATODES 


Citrus nematode larvae were well distributed throughout the soil; however, numbers in the 
first foot were low. Apparently no citrus nematodes were killed when Mylone was mixed into 
the dry soil (Treatment #2), however, all of the citrus nematodes in the first foot of soil were 
killed when 2-acre inches of water were applied. With 4-acre inches of water all of the nema- 
todes in the first foot were killed and the number decreased in the second and fourth foot. When 
6-acre inches of water were applied, all of the citrus nematodes in the top 4 feet of soil were 
killed. A few nematodes survived in the top 2 feet of soil when 8- and 10-acre inches of water 
were applied. Thus, water carried the Mylone through the soil and also increased its effec- 
tiveness. However, 8- and 10-acre inches of water (Treatments #6 and #7) apparently leached 
the toxicant from the surface soil and resulted in poor control. 

Mylone mixed in water also effectively controlled the nematode. When Mylone was applied 
in 6- and 8-acre inches of water all of the citrus nematodes in the top 4 feet of soil were killed 
(Treatments #11 and #12). However, when Mylone was applied in 2-acre inches of water only 
nematodes in the first foot of soil were killed. When Mylone was applied in 4-acre inches of water 
all in the first foot and 68 percent of those in the second foot were killed. The application in 
10-acre inches of water killed all of the citrus nematodes in the top 2 feet of soil; however a 
few survived at the third and fourth foot. The 10-acre inches of water should have wet the soil 


to a depth of 9 to 10 feet. Thus, it appeared that sufficient toxicant to kill all of the nematodes 
accrued in the top 2 feet of soil, but not at the lower depths. 


4 
| 
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Table 2. Control of Phytophthora spp. with Mylone 85W applied by different methods. 


Phytophthora spp. isolated at 
different depths> 


>: O- 12 12 - 24 24. 36 
: inches inches inches 
: 
Treat- = = = 
ment. Treatment : & Blog 
number, ol al | 
Non-treated +++ 6+ + 0 
2 Mylone - rototilled +» 0 ++ + 0 0 
3 Mylone - rototilled + 2 inches water 0 60 0 0 0 0 
4. Mylone - rototilled + 4 inches water © Oo + O + 0 
5. ' Mylone - rototilled + 6 inches water 0 60 0 0 0 0 
6 Mylone - rototilled + 8 inches water 0 0 0 Oo 0 0 
7 Mylone - rototilled + 10 inches water 0 Oo o 0 0 0 
8. Non-treated, 6 inches water bat + + + 0 0 
9. Mylone in 2 inches water ++ 0 +++ 0 + 0 
10. Mylone in 4 inches water 0 0 + 0O + 0 
ne Mylone in 6 inches water 0 0 0 0 0 0 
12. Mylone in 8 inches water 0 0 0 60 0 0 
13. Mylone in 10 inches water 0 Oo 0 860 0 0 


2470.6 pounds of Mylone 85W or 400 pounds of active ingredient per acre were applied. 
by ++, and +++ designate isolation of the Phytophthora species from one, two, and three plots, 


respectively. 


Table 3. Weeds controlled with Mylone 85W. 


Average number of weeds per plot} 


n 

i, Non-treated (dry) 0.75 0.75 0 1,25 0.25 

2. Mylone - rototilled (dry soil) 0 0 ) 0 0 0 

3. Mylone - rototilled + 2 inches water 0 0 0.25 4 0 0 

4. Mylone - rototilled + 4 inches water i093 ° § 0.5 26 0.5 0 
5. Mylone - rototilled + 6 inches water 5.5 4 0.75 55 0 0.75 
6. Mylone - rototilled + 8 inches water 1.25 21 4 55 0.5 1.25 

es Mylone - rototilled + 10 inches water 3.25 10 3 55 0 0 

8. Non-treated, 6 inches water 4 8 8 75 0.5 3 

9. Mylone in 2 inches water 0 0 0 0 0 0 

10. Mylone in 4 inches water 0 0 0 0 0 0 

aa Mylone in 6 inches water 0 0 0.5 0 0 0 

12. Mylone in 8 inches water 0 0 0.5 0 0 0 

13. Mylone in 10 inches water 0 0 3 1 0 0 


4 470.6 pounds of Mylone 85W or 400 pounds of active ingredient per acre were applied. 
Tumbling pigweed (Amaranthus graecizans), nettle-leaf goosefoot (Chenopodium murale), 
mallow (Malva parviflora), purslane (Portulaca oleraceae), crab grass (Digitaria sanguinalis), 


and water grass (Echinochloa crusgalli). 


| 
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CONTROL OF PHYTOPHTHORA SPP 


Both Phytophthora citrophthora and P. parasitica were unevenly distributed in the plots. 
However, they were isolated from the first foot of soil of the non-treated plots in three of the 
blocks (Treatments #1 and #8). P. citrophthora was isolated from the top 2 feet of soil of half 
or more of the plots of Treatments #2 and #9. Treatment #2 received 470 pounds of Mylone 
85W per acre rototilled into relatively dry soil, and Treatment #9 the same amount of Mylone 
85W applied in 2-acre inches of water. P. citrophthora also was isolated from soil takenfrom 
the second and third foot depths of one plot of Treatments #4 and #10. Treatment #4 was irri- 
gated with 4-acre inches of water after applying the Mylone 85W, and in Treatment #10 the 
Mylone was applied in 4-acre inches of water. No citrus brown-rot fungi were isolated from 
the top 3 feet of soil when 400 pounds of Mylone per acre were applied in 6-, 8- and 10-acre 
inches of water and when the same amount of the chemical was mixed into the surface soil and 
then irrigated with 6-, 8- and 10-acre inches of water. 


CONTROL OF WEEDS 


No weeds grew on the plots in which 400 pounds of Mylone per acre were rototilled into the 
surface soil, and where Mylone was applied in 2- and 4-acre inches of water (Table 3). Onlya few 
weeds occurred on plots which received 2-acre inches of water after the Mylone was roto- 
tilled into the surface, and where it was applied in 6-, 8-, or 10-acre inches of water. How- 
ever, numerous weeds grew on plots in which Mylone was rototilled into the surface soil and 
then irrigated with 4-, 6-, 8-, and 10-acre inches of water, and also on plots which received 
no Mylone and were irrigated (Treatment #8). It appeared that the Mylone was leached from 
the surface of the soil when 4- to 10-acre inches of water were applied, and that weed seeds 
near the surface thereby were affected only slightly. 


EFFECT OF ADDING WATER AT DIFFERENT PERIODS 
AFTER APPLYING MYLONE 85W 


In the previous test it was shown that water moves Mylone through soil and also is needed 
for effective control of nematodes, Phytophthora fungi and, possibly, weeds. Since it is not 
always easy to apply water immediately after mixing Mylone into soil, a test was made in the 
field during November 1957, to determine the effect of applying water at different periods after 
the chemical was mixed into the surface soil. 

Mylone 85W at the rate of 470.6 pounds per acre was broadcast over the surface of tilled, 
moist, soil and then was rototilled to a depth of 4 to 5inches. After rototilling, the surface 
was rolled and then metal rims, to make basins, were installed. The treatments were as fol- 
lows: No water, and 6-acre inches of water applied immediately, or 1, 2, and 3 days after 
the Mylone was mixed into the soil. Each treatment was made in duplicate. Soil samples for 
determination of citrus nematode larvae were taken after 5 weeks. 

The soil type was similar to that described in the previous test. At the start of the experi- 
ment the moisture content of the soil was between 9 and 10 percent (field capacity about 11 per- 
cent). The temperature at 1- and 2- foot depths was 66°F for 3 days and then lowered to 59° 
and 63° at the respective depths. 

The citrus nematodes in the first foot of soil were killed when Mylone was mixed into the 
moist soil (Table 4). However, there was no apparent kill of nematodes at lower depths. My- 
lone rototilled into soil was more effective in this test than it was when mixed into relatively 
dry soil of the previous test. 

The application of 6-acre inches of water immediately, and 1, 2 or 3 days after mixing the 
Mylone into the soil, produced approximately equal control of the citrus nematode. All of the 
citrus nematodes to a depth of 4 feet in the soil were killed, except on one plot of Treatment 
#5, which received water after 3 days. Thus, compounds highly toxic to the citrus nematode 
moved downward through the soil when water was applied immediately, or 1, 2, or 3 days after 
mixing Mylone 85W into the soil. 


| 
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Table 4. Effect of irrigating at different periods after mixing Mylone into soil. 


Treat- : : 6-acre : Average number 
ment =: Treatment® ; inches : of citrus nematode larvae” per 
number: : of water : 50 cc of soil 
: after : @=-412 12 - 24 24 - 36 36 - 48 
(days) : inches inches inches inches 
x. Mylone rototilled 2 1121 349 428 
2. Mylone rototilled 0 0 0 0 1 
3. Mylone rototilled 1 0 0 0 0 
4. Mylone rototilled 2 0 0 0 0 
5. Mylone rototilled 3 0 2 0 1 
6. Non-treated (water) 260 1958 299 12 


9470. 6 pounds of Mylone 85W per acre were applied. 
>The figures are the average for two plots. 
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PHYSIOLOGIC RACES OF PUCCINIA GRAMINIS IN THE UNITED STATES IN 19571, 2 


D. M. Stewart?, m.. Cotter, and B. J. Roberts? 


Summary 


Twenty-seven races and subraces® of wheat stem rust (Puc- 
cinia graminis var. tritici) were identified in 1059 isolates obtained 
from 668 uredial collections. Race 15B comprised 32 percent of 
the isolates; race 56, 29 percent; the 11 to 32 race group’, 13 per- 
cent; the 17 to 29 race group, 9 percent; race 38, 7 percent; and 
race 48A, 3 percent. These races totaled 93 percent of the isolates. 
The remaining 7 percent included 19 other races and subraces. 

Although the prevalence and distribution of race 15B were about 
the same as in 1956, there was a decided shift in prevalence of bio- 

7 types or subraces within 15B. In 1956, for example, most of the 
isolates of 15B were virulent on seedlings of the new durum, Golden 

L Ball; in 1957, this variety was resistant to most of the isolates. 

; From 415 collections of oat stem rust (P. graminis var. avenae), 
522 uredial isolates were identified. Race 7 (combined with the closely 
related race 12) comprised 59 percent of the isolates; race 8 (with 

10), 21 percent; race 2 (with 5), about 12 percent; 7A, 6 percent; and 
6 (with 13) almost 3 percent. Subrace 7A, which can attack oat va- 
rieties with the ''Canadian type" of stem-rust resistance, expanded 
somewhat in distribution: it was found in 6 States in 1956 and in 11 

in 1957. A new subrace, provisionally designated as 13A, was iso- 
lated from a uredial collection made in New York. This is the most 
virulent culture of oat stem rust now known in the United States and 
can attack commercially grown varieties of oats with all.three types 

of stem-rust resistance. 

Eighteen races and subraces or biotypes of wheat stem rust 
; were isolated from 24 aecial collections. Races11, 59, and 56were 
obtained most frequently. Unusual races were 47 and 75 from Iowa 
and 186 and 224 from Pennsylvania, which were found only in collec- 
tions from barberry. Four races of oat stem rust -- 2, 5, 12, and 
13 -- were identified in eight aecial collections from Virginia. 


1 Cooperative investigations of the United States Department of Agriculture and the Minnesota Ag- 
ricultural Experiment Station. Paper No. 3928, Scientific JournalSeries, Minnesota Agricultural 
Experiment Station. 


. For summaries for the years 1939 through 1942, see 522 and 522A toC inthe Bureau of Entomology 
and Plant Quarantine E-series; for 1943, 1944, 1945-49, and subsequent reports through 1953, see 
unnumbered publications in the Physiologic Races series; for 1954, see ARS-81-3; for 1955 and 1956, 
see Plant Disease Reporter Supplements 239 and 245. 


. Plant Pathologists, Plant Pest Control Division, Agricultural Research Service, United States 
Department of Agriculture. 


4 Agent, Crops Research Division, Agricultural Research Service, United States Department of 
Agriculture. 


5. C. Stakman continued leadership in the search for supplemental differential varieties and as- 
sisted inrace identification at varioustimes. Acknowledgment for collections is made to DonaldG. 
Fletcher and E. B. Hayden, of the Rust Prevention Association, and to members of the two ARS Di- 
visions and of the State Experiment Stations. 


6 A race comprises many subraces that may be distinguished from each other by different infection 
types on the standard differentials and/or supplemental varieties. The term biotype is restricted 
to cultures derived from single urediospores or aeciospores which may or may not be the same gen- 
otype as asubrace. 


’ Race group is aterm applied to closely related races that can be distinguished from each other 
only under certain environmental conditions. 
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From 668 collections of rusted wheat, barley, and grasses, 27 races and biotypes or sub- 
races of P. graminis var. tritici were identified among 1059 isolates (Table 1). Races 15B, 
56, 11, the 17 to 29 group, 38, and 48A were most prevalent, in the order given, and consti- 
tuted 93 percent of the isolates obtained. Race 15B comprised 32 percent of the isolates; race 
56, 29 percent; race 11 and the closely related race 32, 13 percent;the 17 to29 group, 9 percent; 
race 38, 7 percent; and 48A, 3 percent. Races 1, 14, 15, 16, 19, 34, 48, 48B, 51, 59, 59A, 
59B, 59C, 61, 69, 69B, 125, 139, and 181 also were isolated. 

There were some shifts in prevalence of races. The 17 to 29 race group decreased in the 
entire country by 5 percent from 1956 and was 11 percent below the 7-year peak in 1955. Race 
38 increased by 3 percent from the previous year but was 3 percent less than the 8-year high 
in 1952 (Fig. 1). When only Minnesota, South Dakota, and North Dakota are considered, now- 
ever, it is evident that definite race shifts occurred, as race 56 increased 16 percent and race 
11 decreased 9 percent from the previous year. 


FIGURE 1. Puccinig QGraminis tritici: Preveience of races 11, 158, 17-29 group, & 56 
in the United Stetes , 1950- 


(uredieal collections) 


907 


PERCENTAGE OF TOTAL ISOLATES 
2 


Race 15B, which had decreased in prevalence each year since its all-time high of 63 per- 
cent in 1953, increased slightly in 1957. This race was found in 21 of 29 States sampled. If 
only eight States in the Mississippi Valley region are included (lowa, Kansas, Minnesota, Ne- 
braska, North Dakota, Oklahoma, South Dakota, and Texas), race 15B comprised 47 percent 
of the isolates identified in 1957. 

Although the nationwide prevalence of 15B did not change materially from 1956, there were 
marked shifts in the population of subraces within the race. In 1956 the supplemental differen- 
tial variety Golden Ball was resistant to about 29 percent and susceptible to 71 percent of the 
isolates, but in 1957 it was resistant to 60 percent and susceptible to 40 percent of the isolates. 
Thus the identification of new subraces or biotypes within old or previously known races is es- 
pecially important in the breedling program in connection with the testing of new selections 
and in searching for new sources of stem-rust resistance. It is also of importance in study- 
ing the behavior of varieties in the field which cannot always be explained on the basis of races 
identified on the standard differentials. It is essential to use additional differentials in many 
cases, as Lee, for example, is regularly used to distinguish between 15 and 15B. 

Race 56, which had increased in prevalence from 1954 to 1956, decreased slightly in 1957. 
Nevertheless, it was widely distribu.ed and was found in 22 of the 29 States where rust collec- 
tions were made. For the most part, race 56 was isolated from winter wheats and wild grass- 
es, since most of the commercially grown spring-wheat varieties are resistant to it. 
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Race 11, with the closely related race 32, comprised 13 percent of the total isolates iden- 
tified in 1957 and ranked third in prevalence, its highest rank in 20 years. Certain isolates of 
the 11 to 32 group are especially virulent on Bowie and Travis wheats in the seedling stage, 
and others attack certain Kenya wheats and their derivatives. Race 11 was found in 20 of the 
29 States sampled, from Oregon eastward to New York and from North Dakota south to Texas. 
It also was isolated from barberries in Illinois, Michigan, and Oregon (Table 3). Race 32 was 
found in Idaho, Indiana, Michigan, Missouri, New York, Oregon, Texas, and Washington. 

The 17 to 29 race group decreased from 14 percent in 1956 to 9 percent in 1957. It was 
found in 18 of 29 States sampled, extending from California to New York and from North Da- 
kota to Texas. The new breadwheat variety Selkirk, which now occupies about 85 percent of 
the breadwheat acreage in the spring-wheat area of the United States and Canada, is suscepti- 
ble to certain isolates of this group. 

Race 38 increased in prevalence from 4 percent in 1956 to 7 percent in 1957. It was found 
in 16 States, from Arkansas to Michigan and eastward to New York. 

Race 48A, which is especially virulent on Bowie, Selkirk, and Travis wheats, increased 
slightly in prevalence -- from 2 percent in 1956 to 3 percent in 1957. It was most prevalent 
in Michigan and comprised about 10 percent of the isolates identified from that State. 

The following wheat varieties, in addition to the 12 standard differentials, were inoculated 
with all collections of rust from which identifications were made in 1957: 


Lee (C. I. 12488) Kenya Farmer (C. I. 12880) 
Bowie (Texas Sel. 3708-22) Selkirk (C. I. 13100) 
Texas Selection 131 (similar McMurachy (C. I. 11876) 

to Bowie in most reactions) Golden Ball (C. I. 5059) 


An additional 20 supplemental test varieties were inoculated with selected isolates of cer- 
tain races. Some of these varieties appear to be useful in differentiating biotypes or subraces, 
others do not. Results on their specific value as supplementary differentials will be published 
separately. 


OAT STEM RUST 


From 415 collections made in 25 States, 522 isolates of P. graminis var. avenae were 
identified (Table 2). Race 7 maintained its predominance for the eighth consecutive year, al- 
though it has decreased somewhat in prevalence during the past 2 years. Race 7 (combined 
with 12) comprised 59 percent of the uredial isolates in 1957; race 8 (with 10), 21 percent; race 
2 (with 5), about 12 percent; subrace 7A, 6 percent; and race 6 (with 13), almost 3 percent. 
Compared with 1956, this represents a decrease of 7 percent for race 7 (with 12) and 5 percent 
for race 2 (with 5) and an increase in other races (Fig. 2). 

Subrace 7A, which can attack oat varieties with the so-called ''Canadian type" of stem-rust 
resistance at both low and high temperatures, increased in distribution from six States in 1956 
to 11 in 1957, as follows: Iowa, Michigan, Minnesota, Mississippi, Missouri, New York, 
North Dakota, Pennsylvania, South Dakota, Texas, and Virginia. In the three spring-wheat 
States of Minnesota, North Dakota, and South Dakota alone, 7A increased from 2 percent in 
1956 to 10 percent in 1957 and was more prevalent than race 2 (and 5). 

The potentially dangerous race 6 (combined with 13) increased from 1 percent in 1956 to 
almost 3 percent in 1957. It was identified five times from New York, four times from Penn- 
sylvania, twice from Texas, and once from Michigan and Wisconsin. Heretofore, race 6 and 
the closely related 13 have been found almost entirely in barberry areas in Northeastern United 
States. It now appears that they are becoming established independently of barberry. 

Subrace 5A, which is the only known race in the United States can attack Saia (Avena strig- 
osa), was found for the first time in 1955 adjacent to barberry at Blacksburg, Virginia, and 
was collected again in the same area in 1957. 

A variant of race 13, provisionally designated 13A, was isolated from Rodney oats col- 
lected by Dr. Neal F. Jensen near Ithaca, New York, on August 2, 1957. It is the most viru- 
lent culture now known in the United States and can attack oat varieties possessing the Richland 
(A) type of resistance, the Hajira or "Canadian type" (BC), and the White Tartar type (D) at 
temperatures of 70° to 75° F, These oat genotypes represent all the sources of stem-rust re- 
sistance in commercial varieties now grown in the United States. 

Race 13A was first found in a barberry-infested area, as was true of the first collections 
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Table 2. Physiologic races of Puccinia graminis avenae isolated from uredial col- 
lections in the United States in 1957 


Hace ana number of times isolated  fotal numoer of -- 
State SA 6 +A 12 13 113A: Iso- Coiiec- 
3 slates Races tions 
Arkansas - - 1 - 1 1 1 
- - - - - 2 2 2 
Georgia — « 1 - - - - 1 1 1 
indiana - ©=© 6 # Leese 7 2 7 
2 38 12h ele 43 5 37 
hentucky © = 2 es 2 1 2 
; Minnesota 23 - = 2@ 4 19 21. - 57 7 39 
riissouri 1 - 12 i 23 1 2a 5 2h 
North vakota 6 6 5 17 3 10 
Ohio - 16 2 1 7 2 17 
Pennsylvania lL « 22 i = 2 38 6 34 
South Carolina - - - 2 - = = 2 2 
Texas a 9 = 22 8 @ = & * & 75 6 55 
Virginia # so 2 1 = § 1 2 = Wee 17 7 13 
q Wisconsin F = 28 6 26 
Totals uo 20 1 11 29) 32 97 12 12 2 522 11 41s 
Percentage Te7 0.2 56.3 18.6 203 0.2 
of isolates 3.8 6.1 203 0.4 100.0 


a Race 13 isolated from 1 aecial collection. 

b Isolated 5 times also from 5 aecial collections. 
c 

d 


Isolated 2 times also from 2 aecial collections. 
Isolated once also from 1 aecial collection. 


of races 8°, 79, and 6 in the United States. The first two finally became independent of bar- 
berry, widespread, prevalent, and destructive, but races 6 and 13 have not yet become well- 
established outside of barberry areas. 

The following varieties of oats, in addition to the three standard differentials, were inocu- 
lated with all collections of rust from which identifications were made in 1957: 


Rodeny (R. L. 2123) Minnesota Selection II-47-11 
Burnett (C. I. 6537) Clinton? x Arkansas 674 (C. I. 6643) 
New Garry (R. L. 16921) Saia (C. I. 4639) 


Minnesota '53 Ag 313 and 354 


Some of these varieties appear to be very useful additional differentials, whereas others do 
not. Results on their specific value as differentials will be published separately. 


8 


Stakman, E. C., andW. Q. Loegering. 1944. The potential importance of race 8 of Puccinia 
graminis avenae inthe United States. Phytopathology 34: 421-425. 


9 Stakman, E. C., andW. Q. Loegering. 1951. Physiologic races of Puccinia graminis in the Unit- 
ed States in 1950. U. S. Dept. Agr., Res. Admin. , Bur. Entomology and Plant Quarantine, Bur. 
Plant Ind. Soils andAgr. Eng. and MinnesotaAgr. Exp. Sta. Processed. 16 pp. 
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FIGURE 2. Puccinia graminis avenae: Prevalence of races 2(&5), 7(@!2), 
TA, 8(@!0),and 6(GI3) in the United States, 1950-1957 


(uredial collections) 


OF ISOLATES 


PERCENTAGE 
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RUST FROM BARBERRY 


Eighteen races and subraces or biotypes of wheat stem rust were identified in 24 aecial 
collections on barberry, a ratio of one race to each 1.3 collections (Table 3). Of the 33 iso- 
lates obtained, races 11, 59, and 56 occurred most frequently, in the order given. Race 11 
was‘found four times in Oregon and once each in Illinois and Michigan. Race 59 was isolated 
twice each from collections made in Pennsylvania and Virginia. The following races were either 
not found in uredial collections in 1957 or were identified only a few times: 14, 47, 61, 69, 125, 
and biotypes of 75, 186, and 224. Races 14 and 69 were isolated from collections from Virgin- 
ia, 47 and 75 from Iowa, 61 and 125 from New York, and 186 and 224 from Pennsylvania. 

From eight aecial collections made in Virginia, four races of oat stem rust were identified. 
Race 2 was found 5 times, race 5 twice, and races 12 and 13 once each. 


PLANT PEST CONTROL DIVISION AND CROPS RESEARCH DIVISION, 
AGRICULTURAL RESEARCH SERVICE, UNITED STATES DEPARTMENT 

OF AGRICULTURE, IN COOPERATION WITH THE MINNESOTA AGRICULTURAL 
EXPERIMENT STATION, ST. PAUL, MINNESOTA 
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INFECTION TESTS WITH TWO RUSTS OF JEFFREY PINE 


Willis W. Wagener! 


Peridermium stalactiforme A. & K. was first cited on Pinus jeffreyi Grev. & Balf. in 
1906 (1) from a specimen collected in Washoe County, Nevada, in 1902. The fungus was later 
regarded as synonymous with Peridermium filamentosum Peck on the Rocky Mountain form of 
ponderosa pine (6, 7, 9) although no specific reasons were advanced for the opinions. Meinecke 
(6) indicated that his opinion might be only provisional by stating, "It is not impossible that the 
present term Peridermium filamentosum covers two different species, both of which go toCas- 
tilleja and related forms and there produce uredinia and telia which are indistinguishable from 
each other and from those of P. harknessii."' In any event only one rust of "limb rust" type was 
known to occur on Jeffrey pine. 

Some time after 1945, forest officers of the Inyo National Forest, which lies east of the 
Sierra Nevada crest in Mono and Inyo Counties, California, became concerned over crown dam- 
age to Jeffrey pines on timber sale areas there. The damage was caused by a non-cankering 
form of rust. Affected trees (Fig. 1) closely resembled ponderosa pines attacked by Perider- 
mium filamentosum? as later described and figured by Mielke (8). The Supervisor of the Inyo 
Forest requested recommendations on control measures to minimize future damage. 

The question of control in turn raised the question as to whether an alternate host or hosts 
were involved in the life cycle of the rust and, if so, their identity. From reports by Hawks- 
worth (3) and Rhoads et al. (9) it was anticipated that if alternate hosts were concerned, they 
would probably be species of Castilleja or other members of the family Scrophulariaceae. How- 
ever Mielke (8) reported that no rust on Scrophulariaceae had been found in southwestern Utah 
that appeared to be associated with the abundant Peridermium filamentosum on ponderosa pines 
there. Castilleja spp. are not common in the areas on the Inyo National Forest where most of 
the rust on pines occurs, but in occasional years when moisture conditions are favorable bril- 
liant groups of Castilleja chromosa A. Nelson appear. Since 1950 this has happened only once, 
in 1955. In that year it was not possible to observe the plants later in the season to learn 
whether rust developed on them. Castilleja miniataDougl. is confined to moist situations. 

Failure to obtain satisfactory field evidence on the existence of alternate hosts led to the 
initiation of infectiontests. Castilleja miniata was chosen as the principal test host because it 
is a common mountain species in California and is known to have been inoculated successfully 
with Peridermium stalactiforme from Pinus contorta (5). It also becomes infected readily at 
susceptible growth stages and matures later than low-elevation species. Drawbacks are that it 
is fragile, is at least a limited root parasite on other plants, and is not well adapted to trans- 
planting or to growing under ordinary greenhouse conditions. For these reasons it is a diffi- 
cult species to utilize in controlled infection tests. Experience has shown that although wild 
plants in the Sierra Nevada may be located several miles from any possible aecial source, those 
desired for infection tests must be lifted and removed from the area by early June to avoid con- 
tamination from natural infections, apparently by aeciospores of Peridermium stalactiforme 
from lodgepole pine principally. 

With the exception of two supplementary field tests at a location northwest of Meadow Val- 
ley in Plumas County, all tests were conducted in a shelter within a lathhouse at the University 
of California, Berkeley, California. The shelter consisted of cotton gauze walls and a poly- 
ethylene sheet top with a gauze partition between the exposed and check plants. 

Aeciospores from aecia with broken peridia on affected pine twigs were dusted or rubbed 
dry on foliage Castilleja plants potted in number 10 cans. The plants and also the interiors of 
polyethylene bag covers were atomized with distilled water, then the covers were immediately 
placed over the plants on wire bow supports, and tied at the bottom around the outside of the con- 
tainers. Checks were treated in the same manner except for the application of spores. The 
polyethylene bags were removed after 72 to 74 hours. 


' Forest Pathologist, California Forest and Range Experiment Station. The Experiment Station is 
maintained at Berkeley, California, bythe Forest Service, United States Department of Agriculture, 
in cooperation with the University of California. 


2 Todes ignate the rusts referred to more specifically and to avoid possible misconceptions regard- 
ing forms for which heteroecism has not be.:n demonstrated, the form genus name Peridermium 
has been used for the aecial stage throughout this communication. See comments by Cummins and 
Stevenson (2) under Cronartium coleosporioides Arth. 
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FIGURE 1. Jeffrey pine 


with midcrown killed by Peri- FIGURE 2. Aecia of Peridermium 
dermium sp. , Inyo National sp. on twig of Jeffrey pine, Round Moun- 
Forest, Inyo County, Califor- tain, Inyo National Forest, Inyo County, 
nia. California. 


Spore germination was checked in moist chambers placed in the shelter with the plants. A 
record was kept of temperature ranges during the period that the plants were covered by the 
polyethylene moist chambers. 

Plants of Castilleja miniata used in the tests were obtained from two areas in western 
Plumas County in 1954 and 1955 and from near Loyalton, Sierra County, California, in 1956 
and 1957. Plants of C. applegatei Fernald were secured by P. C. Lightle in central El Dorado 
County, California. Twigs bearing fruiting aecia of the Inyo Peridermium were collected from 
Jeffrey pines in the Round Mountain area of the Inyo National Forest for all tests. Perider- 
mium stalactiforme material on Jeffrey and lodgepole pines was obtained at Twin Lakes, Mono 
County, California, in 1955 and from a Jeffrey pine south of Sierraville, Sierra County, Cali- 
fornia in 1956. Results of the infection tests with these materials are shown in Table 1. 

In 1955 the results obtained in the enclosure at Berkeley were supplemented by tests on 
Castilleja miniata in the open northwest of Meadow Valley, California. Aeciospores of P. sta- 
lactiforme from P. jeffreyi were applied to two plants, and aeciospores from P. contorta to _ 
one. Aeciospores from the Inyo Peridermium were likewise applied to two plants. Two plants 
were used as checks. All were covered with polyethylene bags for 50 hours after atomizing 
with distilled water. A low level of natural contamination appeared on all plants, but the plants 
that had been inoculated with aeciospores of P. stalactiforme showed much heavier infection 
than the checks or the plants inoculated with the Inyo Peridermium. Although not clear cut 
because of the contamination, the results support those obtained at Berkeley for that year. 

An examination of Table 1 shows that with one exception positive infections on Castilleja 
were obtained from aeciospores of P. stalactiforme, whether from Jeffrey or lodgepole pine, 
whereas all trials with the Inyo Peridermium were negative. All checks were negative. Ob- 
servations have established that other differences between the two rusts as manifested on Jef- 
frey pine can be distinguished, as shown in Table 2. 
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Table 2. 


Comparison between two species of Peridermium infecting Jeffrey pine. 


Criterion 


(a) Age class of 
host attacked 

(b) Time of maturity 
of aecia 


(c) Site of aecia 


(d) Symptoms and 
signs on branches 


(e) Aecia and peridia 


(f) Filaments 


(g) Infectiveness to 
Castilleja 


Peridermium stalactiforme 


Seedling or young trees almost 


exclusively, usually on branches 


close to ground. 

Late May or early June. 

On twigs or on branches up to 
2 inches diameter. 


Branches on which sporulation 
has occurred are somewhat 


swollen and the bark roughened. 


These characters persist after 
the branches die and serve as 
indicators of infected trees at 
any season, regardless of 
whether or not aecia or the 


remains of peridia are present. 


Aecia scattered or confluent; 
peridia subhemispherical or 
irregular, bladder-like, frag- 
ile, 2.0-3.5 mm. high, side- 
walls mostly only 1 cell thick, 
rupturing at dome irregularly. 


Stalactiform, short. 


Readily infects Castilleja spp. 


Peridermium sp. (Inyo) 


Trees in sapling to mature 
classes, almost never close 
to ground. 


Late July 


On twigs or on branches 
not over 1 inch diameter. 


No swelling of branches 
or roughening of branch 
bark. Presence of rust 
not readily recognizable 
when aecia or remains of 
peridia are absent. 


Aecia scattered (Fig. 2), 
rarely confluent; peridia 
tapered cylindric or tongue- 
shaped, frequently curved, 
to 5 mm. or more high, 
externally longitudinally 
striate, firm, both side- 
walls and dome more than 

1 cell thick; rupturing lon- 
gitudinally. 


Stalactiform, relatively 
long. 


Does not infect Castilleja 
spp. 


A comparison with Mielke's description and illustrations (8) of Peridermium filamentosum 
as it occurs on the Rocky Mountain form of ponderosa pine in southwestern Utah indicates that 
in many respects the Peridermium there and the one on Jeffrey pine in Inyo County, California, 


are very similar. 


As regards age of host attacked, character of damage on host, absence of 


swelling or roughening of bark of invaded host branches, distribution and external appearance 


of aecia, and apparent inability to infect Castilleja, the two seem closely parallel. 


Of the cri- 


teria on which comparison was made, lack of agreement was evident only in the time of matur- 


ity of aecia and in the character of the filaments. 


In addition, the peridia of the Rocky Moun- 


tain P. filamentosum are evidently more persistent after sporulation than those of the Inyo Na- 


tional Forest rust. 


The peridia of the Inyo rust persist longer than those of P. stalactiforme but the difference 
is not sufficiently pronounced to be reliably useful in field differentiation between these two 


rusts. 


In general, the Inyo rust seems to be much closer to Peridermium filamentosum than to P. 


stalactiforme. 


If heteroecism is to be considered a primitive phenomenon (4), this apparent 


relationship suggests that the Inyo rust may be an evolutionary offshoot from the typically het- 
eroecious Cronartium coleosporioides f. filamentosum, in which heteroecism presumably has 
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been reduced to autoecism and the filaments have become modified from continuous to long- 
stalactiform. If this concept is plausible, it suggests that the apparently autoecious form in 
southwestern Utah, reported by Mielke (8), may be one in which no modification of the fila- 
ments has occurred but which is no longer heteroecious. 

The form designated here as Peridermium sp. (Inyo) is not confined to the Inyo region but 
is found on scattered Jeffrey pine from eastern Plumas County to western San Bernardino and 
northeastern Ventura Counties of California. On the western slope of the Sierra Nevada it oc- 
curs as far west as the General's Highway between Giant Forest and General Grant Grove in 
Sequoia and Kings Canyon National Parks. Incidence is highest in Inyo County, however. 

Peridermium stalactiforme also occurs sparingly on young Jeffrey pine and very commonly 
on lodgepole pine in the Inyo region. 
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POSSIBLE LONG DISTANCE SPREAD OF DUTCH ELM DISEASE 
BY TRANSPORTED BEETLES 


George E. Hafstad! 


Abstract 


From the first 2 years' observation of Dutch elm disease in 
Wisconsin, it appears that a correlation exists between traffic and 
spread, Only some of the more obvious cases are given, but the 
vecurrence of first cases near transportation centers tends to 
substantiate the belief that man inadvertently spreads the disease 
over relatively long distances. 


Dutch elm disease, caused by Ceratocystis ulmi (Buisman) Moreau, has been known to 
occur in Wisconsin for the past 2 years, and it has been possible to record rather accurately 
the location of all confirmed cases. An interesting fact concerning these cases is the rela- 
tively large number that were found in parks, golf courses, and other public areas where there 
was a complete absence of any obvious source of infection. This observation leads to specula- 
tion as to how these trees became infected. How or why would a tree near a club house, ona 
golf course, or in a park acquire Dutch elm disease? 

Since no beetle-wood could be found in the immediate vicinity of the diseased trees, it 
seems likely that infection can only be attributed to long distance flight, or to beetles that 
were blown in or brought in, Several cases could be cited to support the hypothesis that bee- 
tles might be transported by car, truck, or rail. Traffic from Illinois is heavy in the south- 
eastern part of the State, and relatively light in the southwestern part. All of the cases of 
Dutch elm disease found thus far in Wisconsin have been in the seven southeastern counties, 
although surveys were conducted in thirty four counties. The evidence is not absolute, yet the 
relatively large number of isolated cases that can be associated with transportation seems to 
support the premise that Dutch elm disease is brought into an area by man. 


EVIDENCE OF POSSIBLE TRANSPORTATION --1956 


Of the 63 cases of Dutch elm disease found in Wisconsin in 1956, 16 were located as fol- 
lows: 


1 next to a’parking lot of factory in Beloit. 

2 next to North Shore Electric railway in Racine. 
1 in park in Kenosha (3 more adjacent to park). 

3 in park in Racine, 

2 in woods near county park in Kenosha, 

1 on parkway in Milwaukee, 

2 at filling station in Walworth. 

2 on parkway near the Stadium in Milwaukee. 

1 near factory in Milwaukee. 

1 in front of home (owner commutes to Waukegan), 


Observations at these locations suggest the possibility that these trees may have become 
infected by transported beetles. The case of the tree next to a parking lot of a large factory in 
Beloit seems to bear this out, as many of the workers drive from homes located in Illinois, 
where infection is heavy. The two cases of trees near the railway tracks in Racine may be 
explained by the fact that Chicago and Milwaukee trains pass this point daily. 

The diseased trees in parks in Kenosha and Racine, as well as those in woods next toa 
county park in Kenosha, point to the possiblity that visitors using the park facilities may have 
transported beetles unintentionally, either in cars, on their persons, or by fire wood, The 
diseased tree on a Milwaukee parkway could be the result of out-of-state traffic. The two dis- 
eased trees at a filling station in Walworth might easily be accounted for by a car or truck 
traveling south from the infected area, Beetles might have flown off or dropped off when the 


Plant Pathologist, State of Wisconsin, Department of Agriculture, Division of Plant Industry, 
Entomology Section, Madison, Wisconsin. 
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vehicle stopped for gas, 

Thousands of cars park at the Milwaukee County Stadium for ball games. It does not seem 
unreasonable to assume that infected beetles accompanied Illinois fans. The diseased tree 
near a factory in Milwaukee was located in front of a concern that ships by truck, Trucks com- 
ing from the Illinois or Indiana area could have transported beetles. 

The first Dutch elm-diseased tree found in the city of Milwaukee was in front of a resi- 
dence; Upon inquiry by municipal employees, it was learned that the resident of this home 
worked in Waukegan, Illinois and commuted at least on week ends. One case was found next 
to a cottage at a popular resort in the Delaven area. Most of the vacationists at this resort 
come from Illinois. In 1956 approximately one-third of the Dutch elm disease cases were in 
well-kept areas but could be closely associated with transportation, 


EVIDENCE OF POSSIBLE TRANSPORTATION --1957 


During 1957, a total of 124 cases of Dutch elm disease were found in Milwaukee County 
alone; 28 cases, or 22 percent, were found at or near public institutions, parks or railroads, 
These cases, like those previously mentioned, are interesting because in most instances they 
were well cared for trees. As in 1956, no obvious source of infection could be found nearby. 
A breakdown of these cases is as follows: 


15 in parks or on parkways. 
8 at or near the Milwaukee Stadium, 
1 at a golf course. 
1 on Highway 41 (main north-south highway). 
1 at a railroad, 
1 in cemetery. 
1 at Nike site. 


In 1957, a total of 15 cases were found along Milwaukee parkways or boulevards. These 
trees were well cared for, regularly pruned, and usually located on a wide expanse of lawn. 

It is not known how many cars from infected areas use the parkways, but it seems likely that 
of the thousands of cars using the parkway, some might be from infected areas and could carry 
beetles, 

One reason for believing that the transportation of beetles by cars is a distinct possibility 
in the spread of Dutch elm disease is that field personnel of the Wisconsin Department of Agri- 
culture have observed beetles in and on their own cars parked in Madison, and have even found 
them in their clothing. Cars may well be a definite factor in dissemination, as suggested by 
the case of Dutch elm disease on Highway 41, This case was one of two young elms about 6 
inches in diameter, located in a front yard, No other elms or elm wood were within a thousand 
feet. Thousands of cars and trucks pass this point daily. It is assumed that an infected beetle 
dropped from some vehicle andfedon this tree. This same assumption may be made for the 
case of a diseased tree near a railroad crossing in West Allis. 

During the past 2 years several cases of Dutch elm disease have been found in well-kept 
cemeteries. These were isolated cases. Again, visitors would seem to be the most likely 
carriers of the beetles. At the Nike site much transportation of men and material has occurred. 
It is possible that beetle transportation may explain infection at this missile site. 

Two other examples in 1957 appear to support the hypothesis that infected beetles may 
often be carried by car or truck. One incidence concerns a Dutch elm diseased-tree located at 
a large milk plant that ships to Chicago, the only record of the disease foundin the City of 
Whitewater in 1957, The other concerns two records of Dutch elm disease at Oconomowoc, at 
one of the nationally known dairy farms, These were the only two cases in the vicinity, and are 
also thought to be the result of transportation of beetles by visitors or by milk trucks. The 
future advance of Dutch elm disease in Wisconsin will be observed carefully, and an attempt 
will be made to interpret further its occurrence in the light of these initial observations, 
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THE CONTROL OF SPOT ANTHRACNOSE OF LINDEN}! 


D. W. Creelman? 
Abstract 


Spot anthracnose of linden, caused by Elsinoé tiliae, was con- 
trolled at Lunenburg, Nova Scotia, by the application of two sprays 
of captan early inthe summer. The control of primary infection is 
of prime importance. Evidence was also obtained that Bordeaux 
mixture 10-5-100 was effective in controlling spot anthracnose but 
that it did not control the leaf spot caused by Cercospora microsora. 


Spot anthracnose, caused by Elsinoé tiliae Creelman, was severe and destructive on Euro- 
pean species of linden, Tilia europaea L. and T. platyphyllos Scop., at Lunenburg, Nova Scotia 
in 1954 and 1955 (1). In connection with a general study of the disease and at the request of 
park officials of the Corporation of Lunenburg some experiments were directed toward devising 
control measures. 

Creelman (1) postulated that the pathogen overwintered on lesions on the bud scales and 
that primary infection was initiated by conidia produced in those lesions. This situation sug- 
gested that the application of an eradicant type fungicide when the leaf buds were unfolding 
might prove of value in reducing primary infection. Preliminary tests on 1- to 3-year-old 
linden seedlings in the greenhouse showed that organo-mercury fungicides were highly phyto- 
toxic to the young trees. Captan, on the other hand, proved safe and hence the control experi- 
ments were based on the use of captan in a protective schedule. Fifty percent captan in a wet- 
table powder formulation was used at the rate of 2 pounds to 100 gallons. 

Eighteen mature lindens growing in parallel rows along a driveway were selected for the 
tests and were divided into three plots of six trees; T. europaea and T. platyphyllos were each 
represented in all the plots. The three plots received two, three and four captan sprays re- 
spectively. DDT, 1/2 pound to 100 gallons was included in the second spray to control European 
winter moth, Operophtera brumata L. Three comparable trees in the immediate vicinity were 
left unsprayed and served as controls. The sprays were applied at 400 pounds' pressure by 
means of a conventional sprayer equipped with a shade tree gun. Good coverage of the foliage 
and twigs was obtained. 

The first spray was applied on 28 May 1956, just as the leaves were unfolding. Subsequent 
applications were made at approximately 10-day intervals. Observations were made on 600 
leaves from each plot and from the control trees on 27 June, 25 July and 15 August. The num- 
ber of infected leaves and the intensity of infection on each leaf was recorded. The data ob- 
tained are presented in Table 1. 

It is evident from the data in Table 1 that the two early applications of captan gave a high 
degree of control of spot anthracnose. Trees which received no fungicide after the first week 
in June had only about 10 percent of the leaves infected on 15 August. Unsprayed trees were 
73 percent infected at that time and also exhibited shot-holing symptoms and premature de- 
foliation. There appears to be no advantage in applying the later sprays, as trees receiving 
three and four applications of captan had as many infected leaves as those receiving only two 
applications. The results of this experiment suggest that the control of primary infection is 
critical in the control of spot anthracnose of linden. 

Evidence was also obtained that Bordeaux mixture 10-5-100 applied in early June gave 
satisfactory control of the disease. At Bridgetown, Nova Scotia, where spot anthracnose was 
severe on lindens in 1955 (1), six trees were sprayed with Bordeaux 10-5-100 by the owner. 
Two applications were made in June with an orchard sprayer, at times coinciding with the 
calyx and first cover sprays for apple scab control. Comparisons made in July between leaves 
collected in the tops of trees where spray coverage was poor and leaves well-sprayed with 
Bordeaux indicated a degree on control comparable to that obtained with captan at Lunenburg. 


Contribution No. 1697 from the Botany and Plant Pathology Division, Science Service, Canada 
Department of Agriculture, Ottawa, Ontario. 
2Associate Mycologist. 
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Table 1. The effect of two, three and four applications of captan on spot anthracnose 
of linden. Observations made on 600 leaves from each plot. 
Number of leaves infected Intensity of infection 
Date of : : Number of sprays : Lesions : : Number of sprays 
observation : Control : = ae ; per leaf : Control: 2 : 3 : 4 
27 June 131 31 - - 0 469 569 - - 
1-10 108 23 - - 
11-25 23 8 - - 
26-50 0 0 - - 
50+ 0 0 
25 July 262 48 44 41 0 338 552 556 559 
1-10 149 37 33 29 
11-25 76 9 10 10 
26-50 31 2 — 
50+ 6* 0 0 0 
15 August 435 62 65 59 0 165 538 535 541 
1-10 182 47 42 37 
11-25 161 13 17 ie 
26-50 562 eo 3 


&Lesions showing a tendency to coalesce and produce a shot-hole effect. 


It is of interest to note that another leaf spot of linden, caused by Cercospora microsora 
Sacc., was not controlled by the two applications of Bordeaux and was prevalent on the trees. 
This observation is not in agreement with the statement of Marshall and Waterman (2) who 
recommend applications of Bordeaux 4-4-50 at bud burst and 10 days later for the control of 


Cercospora leaf spot. 
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BRIEF NOTES 


SUSCEPTIBILITY OF SERRADELLA TO ; 
ROOT-KNOT NEMATODES By F. J. Spruyt 


Serradella, Ornithopus sativus Brot., was reported by Frank in 18857 as a host plant of 
‘root-knot nematodes." Schlechtendahl also lists it as a host of root-knot nematodes, as do 
several subsequent authors’. However, the literature contains no reference to its susceptibil- 
ity to the several common species of root-knot nematodes which have been recognized and de- 
scribed in recent years. 

A native plant of Spain and Morocco, serradella is grown as a cover-crop in parts of 
Europe and has been considered as a possible cover and forage crop in the southeastern United 
States, where root-knot nematodes commonly occur. 

In a duplicate series of greenhouse tests, serradella was grown in clay pots containing 
steam sterilized soil and small quantities of inoculum of Meloidogyne javanica (Treub, 1885) 
Chitwood, 1949; M. arenaria (Neal, 1889) Chitwood, 1949; M. hapla Chitwood, 1949; M. incog- 
nita (Kofoid and White, 1949) Chitwood, 1949 and M. incognita acrita Chitwood, 1949. 

After two months of growth, mature females and egg masses of the five species of root- 
knot nematodes were found on roots from all pots, indicating that serradella is not resistant to 
these species. 
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PECAN SCAB (FUSICLADIUM EFFUSUM WINT. ) 
IS CAUSING DAMAGE TO SUSCEPTIBLE PECAN , 
VARIETIES IN GEORGIA THIS YEAR By John R. Cole 


Pecan scab is one of the important limiting factors in pecan production in the southeastern 
States. Annually the disease causes partial to total losses of such varieties as Schley, Teche, 
Moore, Moneymaker, and Mobile; extent of the damage depends on the location of the trees, as 
well as on weather conditions favorable for the development of scab. 

Only a small crop of nuts was produced in Georgia in 1957, but there was a heavy carryover 
of the scab fungus on the leaves of susceptible varieties, especially in the Fort Valley area. 
With weather conditions favorable for its development, the disease appeared early in 1958. 
Pecan trees of all varieties foliated later than normal, and during the latter part of April many 
of the leaflets on trees of susceptible varieties were infected with scab. By the last of May in- 
fections had increased greatly. 

In the writer's opinion, there will be very few nuts on scab-susceptible varieties mentioned 
previously in localities where scab is as serious as it is in the Fort Valley area, if protective 
spray measures are not used. However, since the price that growers have received for pecanr 
in recent years has not warranted extensive spraying, it is doubtful whether many growers wil 
attempt to control scab in the southeastern States during 1958. 

CROPS RESEARCH DIVISION, AGRICULTURAL RESEARCH SERVICE, UNITED STATES 
DEPARTMENT OF AGRICULTURE, ALBANY, GEORGIA 
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BRIEF NOTES 


A NEWLY DIFFERENTIATED COMPONENT By Blair H. MacNeill 
OF THE TOMATO VIRUS-STREAK COMPLEX and Hikmet Ismen! 


A survey conducted over the past 2 years has indicated that the virus streak disease of 
tomatoes is widely distributed in southern Ontario in both the field and greenhouse crops. A- 
nalyses of diseased plants have revealed that the classic concept of a synergistic action between 
the tobacco mosaic virus (TMV) and potato virus X (PVX) holds true for the majority of disease 
outbreaks, although the possibility of other viruses acting alone or in combination with one an- 
other to produce the streak syndrome cannot be overlooked. The severity of the disease in the 
areas sampled appears, however, to be linked directly with the presence of a new virus which 
presumably is a strain of TMV. This new strain in combination with PVX is exceedingly viru- 
lent on tomato in comparison with the combination of PVX and Holmes' type-strain of TMV. It 
may be differentiated from the type-strain through the production of local lesions on the inocu- 
lated leaves of petunia, and by its failure to become established systemically in that host. 

In expressed juice from the foliage of diseased tomatoes this new strain is inactivated at 
approximately 88° C after 10 minutes exposure; its dilution end-point is about 1076, and its in- 
fectivity is maintained after 25 days incubation in plant juice at room temperature. In cross- 
protection tests petunia fails to produce characteristic local lesions subsequent to systemic in- 
vasion by the type-strain of TMV. 

The broad significance of this petunia local lesion strain (PLL) in the production of the to- 
mato virus streak disease in Ontario is currently under investigation. 

DEPARTMENT OF BOTANY, ONTARIO AGRICULTURAL COLLEGE, GUELPH, ONTARIO 
1 Professor of Plant Pathology and graduate student, respectively. 


1 
A TEST STRAIN OF BLACK COWPEA By D. J. deZeeuw and J. C. Ballard” 


The Black variety of cowpea, used commonly for a local lesion assay host of several plant 
viruses, ordinarily gives a susceptible reaction to tobacco ringspot virus. The reaction varies 
to some extent with the virus isolate concerned but typically consists of large local lesions fol- 
lowed by systemic invasion, top necrosis, and death. During the past two years the authors 
have studied the inheritance of resistance to this virus in a segregate or mutation in the Black 
cowpea variety. The resistant reaction consists of very small flecks or local lesions that may 
appear a day or more later than the usual susceptible reaction. Systemic invasion is lacking or 
restricted andtopnecrosis only appears under exceptional circumstances. When plants are 
swabbed very lightly few local lesions will be formed. 

Plants of crosses between resistant and susceptible types respond by displaying lesions 
intermediate in size between those in typical resistant and typical susceptible types resembling 
those of cucumber mosaic or alfalfa mosaic. These individuals are resistant phenotypically. 
Resistance appears to be controlled by a single dominant factor and this has been confirmed by 
all tests on F;, Fy and various backcrosses to date. Limited supplies of seed are available at 
present for those interested in its use. It is expected that larger quantities will be available 
after September 1958. 

MICHIGAN STATE UNIVERSITY, EAST LANSING, MICHIGAN 
1 Approved for publication by the Director, Michigan Agricultural Experiment Stationas Journal 
Article No. 2266. Publication No. 58-14 of the Department of Botany and Plant Pathology. 

2 Respectively Departments of Botany and Plant Pathology and Horticulture, Michigan State Univ- 
ersity. 


CORRECTION 


REPORTER, May issue (Volume 42, Number 5), page 581: The first sentence in the 
second paragraph should read, "Nusbaum was unable to transmit internal cork mechanically 
but did obtain transmission by grafting. '"' The "not" in the sentence should be deleted. 
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The terms used in the accompanying maps, which define the ranges of temperature and 
precipitation, are numerical class limits. These are based on a statistical analysis of past 
records through which is determined the normal frequency of occurrence of temperatures and 
precipitation at various times of the year for different locations. For temperature the classes 
above, below, and near normal are so defined that they each normally occur one-fourth of the 
time; much above and much below normal, one-eighth of the time. Precipitation is depicted 
in terms of light, moderate, and heavy, each class normally occurring one-third of the-time 
and thereby having equal probability of occurrence. These maps graphically represent only 
the general trends and give the country's weather picture ataglance. For quantitative studies, 
where monthly mean temperatures and actual precipitationrecords are needed for a giventime 
and place, other publications of the Weather Bureau should be consulted. P. R. M. 
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